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Reactions of the reagents N-trT5Bi4tg£^|jL^j^t^imidazole 
(MegSi-Iz) and N-trimethylsi1yl-2-methylimidazole (MegSi-
Melz) towards M-Cl bonds in transition metal chlorides and 
their derivative complexes with TV -bonding ligands as well 
as in a few organometal1ic derivatives have been investigated 
and discussed in this work. The reagents have been obtained 
by refluxing the appropriate heterocycle i.e. imidazole 
or 2-methy 1 imi dazole with N,N. b i s (tr i methy 1 s i 1 y 1 ) ami ne 
(commonly known as hexamethyldisilazane) in the presence of 
little amount of cone. H^SO^ in an inert atmosphere of Np 
followed by fractional distillation. As the reagents are 
moisture sensitive, the reactions with metallic substrates 
have been performed in strictly anhydrous conditions. 
Both, MejSi-Iz as well as MegSi-Melz showed 
considerable reactivity towards the metal chlorides and the 
corresponding complexes. The observed reactivity may be 
attributed to the affinity of (ChDgSi- group in the reagent 
for chlorine atom in the substrate effecting the release of 
(CH3)3SiCl. 
Reactions of MegSi-Iz or MeoSi-Melz with anhydrous 
CoClj has afforded the final product as [CoLCl] (1) or (II) 
(L=imidazolate or 2-methylimidazolate ) , where only one 
c h l o r i n e atom has been s u b s t i t u t e d w i t h t he h e t e r o c y c l i c 
moiety, even though, a s l i g h t excess of the reagents from 
t h a t r e q u i r e d f o r the t o t a l r ep lacemen t o f c h l o r i n e atoms 
were used. I n t e r e s t i n g l y , in the analogous reac t ions w i t h 
[Co(Ph2P)2Clp]> replacement o f bo th t he c h l o r i n e atoms 
a longwi th t o t a l release of f ree PhgP (a s t rong TV - a c i d ) from 
the subs t ra te y i e l d i n g [C0L2] ( I I I ) . ( IV) has been observed. 
The s to ich iomet ry of the complexes and the mode of bonding 
w i th probable molecular fo rmu la t i ons have been ascer ta ined 
us ing var ious physico-chemical methods. 
Reactions of RuClj and a few of Ru ( I I ) and R u ( I I I ) 
complexes w i th r r - a c i d s possessing Ru-Cl bond(s) have a lso 
been i n v e s t i g a t e d . The p r o d u c t s o f t hese r e a c t i o n s are 
i n v a r i a b l y o l i g o m e r i c i n n a t u r e i n v o l v i n g i m i d a z o l a t e 
b r i d g i n g to generate an octahedral environment around R u ( I I ) 
o r R u ( I I I ) i o n as e v i d e n c e d f r o m m a g n e t i c moment and 
e l e c t r o n i c spec t ra l s t u d i e s . The l a t t e r suggests t h a t the 
l i g a n d t o metal c h a r g e - t r a n s f e r e x c i t a t i o n i s s t a b i l i z e d 
( lower in energy) due to 77-donor nature of the imidazo la te 
moiety and there i s p o s s i b i l i t y of mixing between d o r b i t a l 
on R u ( I I I ) and the 7T-system of l i g a n d . 
Reactions of Me jS i - Iz and Me2Si-MeIz w i th CuClg and [Cu 
(Ph3P)3Cl] have a f fo rded [CuLg] (Y ) , (V I ) and [Cu(Ph3P)2L] 
( V I I ) . ( V I I I ) . The r e s u l t s of the physico-chemical s tud ies 
a re i n ag reemen t w i t h s q u a r e - p l a n a r and a t e t r a h e d r a l 
Ciii) 
a r r a n g e m e n t o f l i g a n d s a round C u ( I I ) and C u ( I ) i o n 
r espec t i ve ! y . 
I t i s noteworthy, t h a t reac t i on of NiCl2 w i t h Me3Si-l2 
or Me^Si-Melz has proceeded w i th complete s u b s t i t u t i o n of the 
ch lo r i nes y i e l d i n g [NiL23 ( X V I I ) . ( X V I I I ) wh i le w i t h PdClg or 
i t s d e r i v a t i v e complexes, the m o l e c u l a r u n i t o f t h e f i n a l 
product has always re ta ined a c h l o r i n e atom. The i n f r a - r e d 
spec t ra l in fo rmat ions suggest ',hat i n P d ( I I ) d e r i v a t i v e s , the 
p r o b a b l e d i m e r i z a t i o n o c c u r s t h r o u g h t h e i m i d a z o l a t e 
b r i d g i n g r e s u l t i n g i n a s q u a r e - p l a n a r g e o m e t r y o f t h e 
c o m p l e x e s , whi . ,h has been c o n f i r m e d f r o m t h e o b s e r v e d 
d i a m a g n e t i c n a t u r e o f t h e comp lexes as w e l l as t h e i r 
e l e c t r o n i c spec t ra l s t ud ies . The reac t ions of [Ni(Ph3P)2Clg] 
proceeded w i th the l i b e r a t i o n of two moles equ iva len t 
o f PhgP a f f o r d i n g [NiLg] ( X V I I ) . ( X V I I I ) . however w i th 
[n^-C5H5)(Ph3P)NiI ] the f i n a l product i s [ (n^ -CsHg)(Ph3p)Ni I ] 
(X IX ) . {XX). The a n a l y t i c a l data are in good agreement w i th 
the proposed s to ich iomet ry of the complexes. The magnetic 
moment data, and the spec t ra l s tud ies i nc l ud i ng i . r . , 
1 ? 1 
H n . m . r . , P n . m . r . and U . V . - v i s i b l e s p e c t r a , s u g g e s t 
t e t r a h e d r a l s t r u c t u r e of (XIX) and (XX,) . The e l e c t r o n i c 
( L i g a n d f i e l d ) s p e c t r u m o f [ N i L g ] ( X V I I ) . ( X V I I I ) i s 
compat ib le w i t h a s q u a r e - p l a n a r geomet ry , however , t he 
complexes possess some paramagnetism (Mgff — ' ^'^ B.M.), 
r a t h e r , as expec ted , t o be d i a m a g n e t i c i n n a t u r e . T h i s 
m 
observed anomalous /Jgff va lue sugges t s t h a t t he ground 
e l e c t r o n i c s ta te of Ni ( I I ) in [NiL2] i s near the magnetic 
cross-over po in t concomitant w i t h the s i n g l e t - t r i p l e t sp in 
s ta te equi1 i b r i urn. 
I t has been observed t h a t reac t ions of [M(Ph3P)2Cl2] 
(M= N i , Pd o r P t ) w i t h t h e r e a g e n t s p r o c e e d w i t h t h e 
l i b e r a t i o n of two, one and none mole equ iva len t of f r ee PhjP 
i n the o rder N i , Pd and Pt r e s p e c t i v e l y . T h i s has been 
c o r r e l a t e d to the inherent nature of the i n d i v i d u a l precursor 
v i s - a - v i s to the TV-acceptor tendency of Phjp, which is 
known t o be more pronounced i n P t ( I I ) complexes where an 
enhanced l a b e l i z a t i o n ( i . e . t r a n s - e f f e c t ) o f l i g a n d i s 
usua l l y observed-
I t has been found t h a t Me^Si-Iz or Me^Si-Melz can be 
e x p l o i t e d as a potent reagent f o r the p repara t ion of h i t h e r t o 
e l u s i v e , R2SnL2 (L= im idazo l a te o r 2 - m e t h y 1 i m i d a z o l a t e ) 
(XXVI I ) . ( X X V I I I ) . (XXIX). (XXX) u t i l i z i n g the meta the t i c 
exchange w i t h t h e c o r r e s p o n d i n g R^SnClp- However , t h e 
p rev ious ly known methods l i k e condensation reac t i on of R2SnO 
or 1,3 c y c l o a d d i t i o n r e a c t i o n have i n v a r i a b l y produced 
t r a i l k y l or t r i a r y l - d e r i v a t i v e s i . e . RgSnL. The a n a l y t i c a l 
data conf i rm the s to i ch iomet ry of the p roduc t (s ) and i . r . and 
Hn.m. r . s p e c t r a l data i n d i c a t e t h a t R2SnL2 adop ts 
oc tahed ra l geometry i n v o l v i n g i n t e r m o l e c u l ar i m i d a z o l a t e 
b r i d g i n g . R e a c t i o n w i t h SnCl2 has produced [SnC lL ]2 ( X X X I I I ) 
(XXXIV) . even though , an excess o f t h e reagen t was used t o 
cause comple te rep lacement o f the c h l o r i n e s as ( C H 3 ) S i C l . 
The p h y s i c o - c h e m i c a l da ta sugges t t h a t t he d imer [SnC lL ]2 
i n v o l v e s i m i d a z o l a t e b r i d g i n g wh ich however, c o u l d no t be 
t r a n s f o r m e d i n t o a monomeric s p e c i e s , even i f r e a c t e d w i t h 
s t r o n g b a s e s l i k e p y r i d i n e , p y r i d i n e N - o x i d e ( P y N O ) , 
b i p y r i d i n e and ' ^ B u ^ N . I . The a d d u c t S n C l g - p y N O has a l s o 
p r o d u c e d [ S n C l L ] 2 w i t h l i b e r a t i o n o f f r e e PyNO i n t h e 
r e a c t i o n m i x t u r e when r e a c t e d w i t h t h e r e a g e n t . T h i s 
behav iou r o f t h e d imer can be r a t i o n a l i z e d i n te rms o f the 
presence o f s t r o n g b r i d g i n g c a p a b i l i t y p r o v i d e d by t h e im ine 
( p y r i d y l ) n i t r o g e n o f the i m i d a z o l a t e mo ie t y r e s u l t i n g i n an 
i n t a c t d imer . 
Reac t i on o f ( X X X I I I ) o r (XXXIV) w i t h excess PhgP under 
r e f l u x i n g c o n d i t i o n has a f f o r d e d t h e adduct [SnL2 (CgH^ ) ,? ] 
(XXXV) . (XXXVI) wh ich undergo o x i d a t i v e a d d i t i o n r e a c t i o n 
w i t h i o d i n e p r o d u c i n g [ S n L 2 l 2 ] ( X X X V I I ) . ( X X X V I I I ) w i t h 
comp le te l i b e r a t i o n o f Ph3P. A l l t hese p r o d u c t s have 
been c h a r a c t e r i z e d f rom a n a l y t i c a l d a t a , i . r . , H n . m . r . , and 
" "pn.m.r . s p e c t r o s c o p i c s t u d i e s . The p r e c u r s o r s [M (Ph2P)9Cl2 ] 
(M=Zn, Cd o r Hg) e x h i b i t c o n s i d e r a b l e r e a c t i v i t y t owards the 
r e a g e n t s g i v i n g q u a n t i t a t i v e y i e l d o f t h e p r o d u c t 
[Zn(Ph3P)2L2] (XXXIX) . ( X L ) ; [CdL2] ( X L I ) , ( X L I I ) and 
[ H g ( P h 3 P ) 2 L 2 ] ( X L I I I ) . ( X L I V ) . The s t o i c h i o m e t r y and t h e 
probable molecular formulations of these compounds have been 
ascertained from analytical and spectral studies. 
The study of the ligating characteristic of an elusive 
P(III) derivative, RPCNCS)^ (R = CH3, CgHg) towards 
transition metal chlorides have been carried out and the 
results of the present studies are reported in this work. The 
ligands RP (NCS' have been obtained utilizing the metathetic 
reactions of a thiocyanating agent AgSCN with the 
corresponding substituted phosphines RPClp using an inert 
atmosphere of dry N2 in non-polar organic solvent. An attempt 
to isolate the ligand in neat form free from the 
solvent has provided a decomposed product which did not 
correspond the proposed stoichiometry R P(NCS)2. However, it 
exhibited considerable reactivity (in-situ) towards the 
transition metal salts affording stable solid complexes 
with the stoichiometries as [MLC1]C1 [where L = CHoP(NCS)2, 
CgH5(PNCS)2;M = Mn(XLV), (XLVI): Co (XLVII). (XLVIII): Ni 
(XLIX). (JL); Cu (LI), (LII)]; [MLCICI2 [M=Fe (LIII). (LIV): V 
(LV), (LVI)] and [CuLCl] (LVII). (LVIII). These compounds 
have been characterized by elemental analyses, conductometric 
and magnetic susceptibility measurements and i.r., Pn.m.r. 
and electronic (ligand field) spectral studies. The present 
studies indicate that the - P(NCS)2 moiety retains its 
identity in the complexes providing P and S chelating 
3 1 
centres. P n.m.r. data suggest that chelation to metal ions 
is accompanied with delocalization of metal electrons through 
an additional overlap between empty p (3 dn) and metal 
(3d7T) orbitals. The complexes are monomeric, behaving as 
1:1 electrolytes excepting for [CuLCl] (LVII). (LVIII) 
(non-electrolyte) and [MLCl]Cl2 (LIII) - (LVI) (1:2 electro-
lytes) in DMSO. A tetrahedral configuration has been found 
for (XLVII) . (XLVIII) while Ni (II) complexes (XLIX) . (1) 
adopt square-planar structure. In the absence of magnetic and 
ligand field data for [CuLCl] (LVII) . (LVIII) due to d^° 
configuration of the metal ion, the tetrahedral geometry has 
been proposed in view of the conductance and analytical data 
of the complexes. 
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ABSTRACT 
Reactions of the reagents N-trimethylsilyl-imidazole 
(Me3Si-Iz) and N-trimethylsilyl-2-methy1imidazole (Me3Si-
Melz) towards M-Cl bonds in transition metal chlorides and 
their derivative complexes with 7T -bonding ligands as well 
as in a few organometal 1 ic derivatives have been investigated 
and discussed in this work. The reagents have been obtained 
by refluxing the appropriate heterocycle i.e. imidazole 
or 2-methy 1 imidazol e with U,\± bi s( tri methyl s i 1 yl )ami ne 
(commonly known as hexamethyldisi 1azane) in the presence of 
little amount of cone. H2S0^ in an inert atmosphere of N2 
followed by fractional distillation. As the reagents are 
moisture sensitive, the reactions with metallic substrates 
have been performed in strictly anhydrous conditions. 
Both, Me2Si-Iz as well as MeoSi-Melz showed 
considerable reactivity towards the metal chlorides and the 
corresponding complexes. The observed reactivity may be 
attributed to the affinity of (CHjjSi- group in the reagent 
for chlorine atom in the substrate effecting the release of 
(CH3)3SiCl. 
Reactions of Me3Si-Jz or Me3Si-MeIz with anhydrous 
CoCl2 has afforded the final product as [CoLCl] (1) or (II) 
(L=imidazolate or 2-methy1imidazolate ) , where only one 
Cii) 
c h l o r i n e atom has been s u b s t i t u t e d w i t h the h e t e r o c y c l i c 
moiety , even th->ugh, a s l i g h t excess of the reagents from 
t h a t r e q u i r e d f o r the t o t a l r ep lacemen t o f c h l o r i n e atoms 
were used. I n t e r e s t i n g l y , in the analogous reac t ions w i th 
[Co(Ph3P)2Cl2 ] . replacement o f bo th t he c h l o r i n e atoms 
a longwi th t o t a l release of f ree PhjP (a s t rong A - a c i d ) from 
the subst ra te y i e l d i n g [CoLj ] ( I I I ) . ( IV) has been observed. 
The s to i ch iomet ry of the complexes and the mode o f bonding 
w i t h probable molecular fo rmu la t ions have been ascer ta ined 
using var ious physico-chemical methods. 
Reactions of RUCI3 and a few of Ru ( I I ) and R u ( I I I ) 
complexes w i th z r -ac ids possessing Ru-Cl bond(s) have a lso 
been i n v e s t i g a t e d . The p r o d u c t s o f t hese r e a c t i o n s are 
i n v a r i a b l y o l i g o m e r i c i n n a t u r e i n v o l v i n g i m i d a z o l a t e 
b r i dg ing to generate an octahedral environment around R u ( I I ) 
o r R u ( I I I ) i o n as e v i d e n c e d f r o m m a g n e t i c moment and 
e l e c t r o n i c spec t ra l s t u d i e s . The l a t t e r suggests t h a t the 
l i g a n d to metal c h a r g e - t r a n s f e r e x c i t a t i o n i s s t a b i l i z e d 
( lower in energy) due to zr-donor nature of the imidazo la te 
moiety and there i s p o s s i b i l i t y of mixing between d o r b i t a l 
on R u ( I I I ) and the 7T-system of l i g a n d . 
Reactions of MegSi-Iz and MegSi-Melz w i th CUCI2 and [Cu 
(Ph3P)3Cl] have a f forded [CuLj ] (V ) , (V I ) and [Cu(Ph3P)2L] 
( Y i l ) , ( V I I I ) • The r e s u l t s of the physico-chemical s tud ies 
a r e i n ag reemen t w i t h s q u a r e - p l a n a r and a t e t r a h e d r a l 
Oii) 
a r r a n g e m e n t o f l i g a n d s a r o u n d C u ( I I ) and C u ( I ) i o n 
r e s p e c t i v e l y . 
I t i s n o t e w o r t h y , t h a t r e a c t i o n o f N iC l2 w i t h MegS i - I z 
o r MegSi-Melz has proceeded w i t h comp le te s u b s t i t u t i o n o f t he 
c h l o r i n e s y i e l d i n g [ N i L 2 ] ( X V I I ) . ( X V I I I ) w h i l e w i t h PdCl2 or 
i t s d e r i v a t i v e ^ .omplexes, t h e m o l e c u l a r u n i t o f t h e f i n a l 
p r o d u c t has a lways r e t a i n e d a c h l o r i n e atom. The i n f r a - r e d 
s p e c t r a l i n f o r m a t i o n s sugges t t h a t i n P d ( I I ) d e r i v a t i v e s , t he 
p r o b a b l e d i m e r i z a t i o n o c c u r s t h r o u g h t h e i m i d a z o l a t e 
b r i d g i n g r e s u l t i n g i n a s q u a r e - p l a n a r g e o m e t r y o f t h e 
c o m p l e x e s , w h i c h has been c o n f i r m e d f r o m t h e o b s e r v e d 
d i a m a g n e t i c n a t u r e o f t h e c o m p l e x e s as w e l l as t h e i r 
e l e c t r o n i c s p e c t r a l s t u d i e s . The r e a c t i o n s o f [ N i ( P h 2 P ) 2 C l 2 ] 
proceeded w i t h t h e l i b e r a t i o n o f two moles e q u i v a l e n t 
o f PhjP a f f o r d i n g [ N i L 2 ] ( X V I I ) . ( X V I I I ) . however w i t h 
[ n ^ - C 5 H 5 ) ( P h 3 P ) N i I ] t he f i n a l p r o d u c t i s [ ( n ^ - C g H g ) ( P h 3 P ) N i I ] 
( X I X ) . {XX). The a n a l y t i c a l da ta a re i n good agreement w i t h 
t he proposed s t o i c h i o m e t r y o f t h e complexes . The magnet ic 
moment d a t a , and the s p e c t r a l s t u d i e s i n c l u d i n g i . r . , 
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H n . m . r . , ^ ' P n . m . r . and U . V . - v i s i b l e s p e c t r a , s u g g e s t 
t e t r a h e d r a l s t r u c t u r e o f ( X I X ) and {XX). The e l e c t r o n i c 
( L i g a n d f i e l d ) s p e c t r u m o f [ N i L g ] ( X V I I ) . ( X V I I I ) i s 
c o m p a t i b l e w i t h a s q u a r e - p l a n a r g e o m e t r y , h o w e v e r , t h e 
complexes possess some paramagnet ism (Mof f Ca. 1.0 B . M . ) , 
r a t h e r , as e x p e c t e d , t o be d i a m a g n e t i c i n n a t u r e . T h i s 
OV) 
observed anomalous }JQff va lue sugges t s t h a t t h e ground 
e l e c t r o n i c s ta te of Ni ( I I ) i n [NiL2] i s near the magnetic 
c ross-over po in t concomitant w i t h the s i n g l e t - t r i p l e t sp in 
s t a t e e q u i l i b r i u m . 
I t has been observed t h a t reac t ions of [M(Ph3P)2Cl2] 
(M= N i , Pd o r P t ) w i t h t h e r e a g e n t s p r o c e e d w i t h t h e 
l i b e r a t i o n of two, one and none mole equ iva len t of f r ee Ph3P 
i n the order Ni , Pd and Pt r e s p e c t i v e l y . T h i s has been 
c o r r e l a t e d to the inherent nature of the i n d i v i d u a l precursor 
v i s - a - v i s to the TT-acceptor tendency of Phgp, which is 
known t o be more pronounced i n P t ( I I ) complexes where an 
enhanced l a b e l i z a t i o n ( i . e . t r a n s - e f f e c t ) o f l i g a n d i s 
usua l l y observed. 
I t has been found t h a t MegSi-Iz or MegSi-Melz can be 
e xp lo i t ed as a potent reagent f o r the p repara t ion of h i t h e r t o 
e l u s i v e , R2SnL2 ( L= im idazo la te or 2 - m e t h y 1 i m i d a z o l a t e ) 
(XXVI I ) . ( X X V I I I ) . (XXIX). (XXX) u t i l i z i n g the meta the t ic 
exchange w i t h t h e c o r r e s p o n d i n g R2SnCl2 . However , t h e 
p rev ious ly known methods l i k e condensation reac t i on of R2SnO 
or 1,3 c y c l o a d d i t i o n r e a c t i o n have i n v a r i a b l y produced 
t r a i l k y l or t r i a r y l - d e r i v a t ' as i . e . RjSnL, The a n a l y t i c a l 
data conf i rm the s to i ch iomet ry of the p roduc t (s ) and i . r . and 
Hn.m. r . s p e c t r a l data i n d i c a t e t h a t R2SnL2 adop ts 
oc tahed ra l geortietry i n v o l v i n g i n t e r m o l ecu 1 ar i m i d a z o l a t e 
b r i d g i n g . R e a c t i o n w i t h SnCl2 has produced [ S n C l L j g ( X X X I I I ) 
(XXXTV). even though , an excess o f t h e reagen t was used t o 
cause comple te rep lacement o f t h e c h l o r i n e s as ( C H 3 ) S i C l . 
The p h y s i c o - c h e m i c a l da ta sugges t t h a t t h e d imer [SnC lL ]2 
i n v o l v e s i m i d a z o l a t e b r i d g i n g wh ich however, c o u l d no t be 
t r a n s f o r m e d i n t o a monomeric s p e c i e s , even i f r e a c t e d w i t h 
s t r o n g b a s e s l i k e p y r i d i n e , p y r i d i n e N - o x i d e ( P y N O ) , 
b i p y r i d i n e and ' ^ B u 4 N . I . The a d d u c t S n C l 2 . p y N 0 has a l s o 
p r o d u c e d [ S n C l L ] 2 w i t h l i b e r a t i o n o f f r e e PyNO i n t h e 
r e a c t i o n m i x t u r e when r e a c t e d w i t h t h e r e a g e n t . T h i s 
behav iou r o f t h e dimer can be r a t i o n a l i z e d i n te rms o f t he 
presence o f s t r o n g b r i d g i n g c a p a b i l i t y p r o v i d e d by t h e im ine 
( p y r i d y l ) n i t r o g e n o f t he i m i d a z o l a t e mo ie t y r e s u l t i n g i n an 
i n t a c t d imer . 
Reac t i on o f ( X X X I I I ) or (XXXIV) w i t h excess PhjP under 
r e f l u x i n g c o n d i t i o n has a f f o r d e d t h e adduct [SnL2 (CgH5)3P] 
(XXXV). (XXXVI) wh ich undergo o x i d a t i v e a d d i t i o n r e a c t i o n 
w i t h i o d i n e p r o d u c i n g [ S n L 2 l 2 ] ( X X X V I I ) . ( X X X V I I I ) w i t h 
comp le te l i b e r a t i o n o f Ph jP. A l l t hese p r o d u c t s have 
been c h a r a c t e r i z e d f rom a n a l y t i c a l d a t a , i . r . , H n . m . r . , and 
p n . m . r . s p e c t r o s c o p i c s t u d i e s . The p r e c u r s o r s [M (PhoP)9Cl2 ] 
(M=Zn, Cd or Hg) e x h i b i t c o n s i d e r a b l e r e a c t i v i t y t owards t h e 
r e a g e n t s i g i v i n g q u a n t i t a t i v e y i e l d o f t h e p r o d u c t 
[Zn(Ph3P)2L2] (XXXIX) . ( X L ) ; [ C d L j ] ( X L I ) , ( X L I I ) and 
[ H g ( P h 3 P ) 2 L 2 ] ( X L I I I ) . ( X L I V ) . The s t o i c h i o m e t r y and t h e 
probable molecular formulations of these compounds have been 
ascertained from analytical and spectral studies. 
The study of the ligating characteristic of an elusive 
P(III) derivative, RP(NCS)2 (R = CH3, CgHg) towards 
transition metal chlorides have been carried out and the 
results of the present studies are reported in this work. The 
ligands RP (NCS)2 have been obtained utilizing the metathetic 
reactions of a thiocyanating agent AgSCN with the 
corresponding substituted phosphines RPCI2 using an inert 
atmosphere of dry N2 in non-polar organic solvent. An attempt 
to isolate the ligand in neat form free from the 
solvent has provided a decomposed product which did not 
correspond the proposed stoichiometry R P(NCS)2. However, it 
exhibited considerable reactivity (in-situ) towards the 
transition metal salts affording stable solid complexes 
with the stoichiometries as [MLCIJCI [where L = CH3P(NCS)2, 
CgH5(PNCS)2;M = Mn(>ay), (XLVI): Co (XLVII). (XLVIII): Ni 
(XLIX). (L); Cu (LI), (LII)]; [MLC1C12 [M=Fe (LIII). (LIV): V 
(LV), {111)] and [CuLCl] (LVII). (LVIII). These compounds 
have been characterized by elemental analyses, conductometric 
and magnetic susceptibility measurements and i.r., Pn.m.r. 
and electronic (ligand field) spectral studies. The present 
studies indicate that the - P(NCS)2 moiety retains its 
identity in the complexes providing P and S chelating 
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centres, P n.m.r. data suggest that chelation to metal ions 
is accompanied with delocalization of metal electrons through 
an additional overlap between empty p (3 dn) and metal 
(3d7T) orbitals. The complexes are monomeric, behaving as 
1:1 electrolytes excepting for [CuLCl] (LVII) . (LVIII) 
(non-electrolyte) and [MLCljClj (LIU) - (LVI) (1:2 electro-
lytes) in DMSO. A tetrahedral configuration has been found 
for CXLVII) . (XLVIII) while Ni (II) complexes (XLIX) . (L) 
adopt square-planar structure. In the absence of magnetic and 
ligand field data for [CuLCl] (LVII) . (LVIII) due to d^° 
configuration of the metal ion, the tetrahedral geometry has 
been proposed in view of the conductance and analytical data 
of the complexes. 
The imidazole ring as a histidine moiety functions as 
ligands towards transition metal ions in an array of 
biologically important molecules including iron-porphyrin 
system, NMtamin B^2 ^^^ ^^^ derivatives and several 
metal loprotiens. It is believed that it is a histidine unit 
in the globin molecule which forms a bond with the hemin 
molecule. This bond is between the imidazole nitrogen atom 
and the iron atom of hemin. Free hemin is insoluble in water 
and is readily oxidized by oxygen to the ferric compound, 
hematin. When hemin is combined with globin, solubility in 
water is increased. The most important characteristic of the 
hemoglobin (ferrohemog1 obin) is its ability to react 
reversibly with oxygen without changing the valency of iron. 
The addition of oxygen is referred to as oxygenation. Oxygen 
is taken up where its partial pressure is high as in lungs 
and given off at lower partial pressures in the tissues which 
are supplied with arterial blood. One mole of oxygen is taken 
up for each iron atom. It has been suggested that in 
hemoglobin itself there exists an ionic linkage between the 
imidazole nitrogen and the hemin iron, but when oxygenation 
occurs there is a change to a covalent bond.^ In the 
oxygenation step the oxygen molecule coordinates with the 
i ron. 
The structural features associated with the imidazole 
ring must be discussed briefly. The parent imidazole falls in 
the class of the aromatic heterocycles, and its unique 
structural features are conveniently discussed with reference 
to pyridine and pyrrole, to both of which imidazole is 
structurally related. Aromaticity in completely conjugated 
monocyclic systems require a planar array of atoms with 
4n+2A electrons . The possibility for aromaticity in 
imidazole can then be recognized if imidazole is considered 
to be constructed from a trigonal nitrogen with two electrons 
in the unhybridized p orbital (N-1,"pyrrole nitrogen"), a 
trigonal nitrogen with a lone pair in a hybrid orbital and a 
single electron in the p orbital (N-3, "pyridine nitrogen") 
and three trigonal carbons each with one electron in a 
p-orbital. An Aromatic sextet is thus available (Figure-I). 
"^r—N 3 
1 
H 
(Figure-I) 
Imidazole is indeed generally regarded as being 
aromatic. The molecule is planar as anticipated for a 
molecular system^. In bonding"^, the pyridine nitrogen 
displays functional negative cr and A electronic charges 
indicating that this nitrogen is a modest o acceptor and a 
weak A -acceptor. The pyrrole nitrogen donates substantial 
fractional electronic charge to 7\ -system but withdraws an 
even greater amount of charge from the (3" orbitals so that 
the total result is a gain of the electronic charge at the 
pyrrole N-1 nitrogen of the imidazole. 
A crucial structural feature with respect to the 
coordination site of imidazole is clarified when the aromatic 
nature of the molecule is recognized. There is only one pair 
of electrons properly described as an unshared pair, the pair 
on the N-3. The A electrons of N-1 are part of the aromatic 
sextet. Bonding of a proton or metal ion at N-1 is very 
unfavourable since the aromaticity of the ring is thereby 
compromised. The basicity at this type of site towards a 
proton can not be measured in pyrrole because protonation at 
carbon intervenes with a pka of - 3.8. It has been 
estimated that the equilibrium constant for the reaction 
shown by equation (1) i.e. 
(1) 
is 10 (pka = -10). The pyrrole nitrogen of imidazole 
should be oF comparable, or probably lower basicity because 
of the additional electron withdrawing effect of the pyridine 
nitrogen. The important conclusion is that the neutral 
imidazole molecule presents a single energetically favourable 
coordinating site for a proton. The unshared pair on N-3 and 
the same is most likely true for a metal ion. Structures 
shown in figure (II) and figure (III) must be of very high 
energy. The transfer of the N-1 proton to N-3 would be very 
favourable energetically and species shown in figure(II) and 
Cllljwould not be expected to be observable. 
/ / 
•N 
') 
/ \ 
H M n' 
(Figure-II) (Figure-Ill) 
The structure of the protonated and metal ion complexes of 
imidazole are the aromatic cations (Figure-IV, V). 
.f=\ 
H — N * N H H M n+ 
(Figure-IV) (Figure-V) 
Distinction between the N-1 and N-3 nitrogens is lost 
in the protonated imidazolium cation. Since this cation is 
symmetrical, H-4 and H-5 are equivalent and a single peak 
appears in the proton magnetic resonance spectrum. A single 
averaged peak for the H-4 and H-5 protons also persists in 
the basic solutions of neutral imidazole because proton 
exchange reactions between N-1 and N-3 are rapid compared to 
the chemical shift difference between H-4 and H-5. In aqueous 
solutions tautomeric equilibration of the nitrogen bound 
hydrogen occurs without disruption of the aromatic electronic 
structure in proton exchange reactions with solvent species. 
In addition to protonation at N-3 with pka =7.1 to 
give the imidazolium cation, neutral imidazole undergoes 
deprotonation ^ at N-1 in strongly basic solutions 
[pka 14.2-14.6]. The resulting anionic imidazole also 
aromatic possesses two equivalent sites for coordination and 
is a potential bridging ligand (as shown below) although it 
is never a major component of the mixture in . aqueous 
solution at equilibrium. 
2M"* • :N 
r=\ 
N: 
^ ^ ^ 
f=\ 
•M—N N — M 
(2n-l) + 
(2) 
The ylide formed by the deprotonation of the 
imidazolium ion at C-2 can play a significant role in the 
chemistry of imidazoles. The exchange of the proton at C-2 
A survey of literature reveals that 4,5-dimethy1-
imidazole, 4-chloroimidazole, 4-aminomethy1 and N-substituted 
4-aminomethylimidazoles cause vaso-constriction and increase 
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in blood pressure'^'^. 1-Decyl-2-methyl imidazole i s sa id t o be 
a t y p i c a l anaesthet ic . I t has a lso been shown t h a t 2 - t h i o -
4-aminomethyl imidazole i s sa id to possess some i n s u l i n l i k e 
ac t i on in d iabetes , 4 ,5 (p -aminoe thy l ) im idazo le s t imu la tes 
smooth muscle and exer ts a profound e f f e c t on the mammalian 
c i r c u l a t o r y s y s t e m . I t f i r s t causes a t r a n s i e n t v a s o -
c o n s t r i c t i o n , e s p e c i a l l y of the pulmonary vessels and then a 
general v a s o - d i l a t i o n occurs, accompanied by a f a l l in blood 
p r e s s u r e . I t i s a s t r o n g g a s t r i c s t i m u l a n t c a u s i n g 
inc reased g a s t r i c s e c r e t i o n . I t a l s o i n c r e a s e s t h e b lood 
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sugar content . Release of histamine or a histamine like 
substance is believed to be responsible for certain allergic 
manifestations in the human body, including bronchial asthma 
po 
and urticarial eruptions . It therefore, appears that the 
extent and direction of physiological effects are largely 
controlled by the nature of substituents, present on the 
imidazole ring. 
Dimethylbenzimidazole supplies one of the nitrogen 
atoms to be coordinated to Co(III) in vitamin B^g^^- ^he 
insulin hexamer is reported to have two zinc ions, each 
bonded to imidazole end of three histidine units^°. A variety 
of metal complexes of imidazolthiol are reported to exhibit 
1 O 
fungicidal and insecticidal behaviour, however, in some cases 
the antioxidant and heat resistant properties have also been 
noted . The possibility of the use of the i m i d a z o l e 
3 5 
complexes as anti-tumour drug has also been reported 
Imidazole is also used as an analgesic, antipyretic and 
antiflammatory reagent . 
Imidazole and its derivatives are well known to yield 
coordination compounds with several metal ions . It may 
coordinate metals through lone pairs at either N-3 or N-1 or 
both. Though in majority of the cases coordination is 
reported via N-3 but there are several examples which 
favour N-1 coordination ' . Furthermore, the N-1 hydrogen 
possesses acidic character (pka=14) and therefore imidazole 
or its derivatives can coordinate in the anionic form too. 
+ — ?+ — 
Examples are Ag (C3H3N2) and Ni (^3^3^2)2' ^ variety of 
compounds containing uncharged imidazole (IzH) have been 
reported. The coordination compounds with this ligand can be 
divided into two classes. 
(a) Adducts of formula [MX^.(IzH)^] with X coordinated to M. 
(b) Solvates of formula [M(IzH)j^]'' (X)^~] with anions present ,n+, 
only in the second coordination sphere of M*^ "^ , 
The adducts of the types (a) reported are :[MC1^(IzH)2] 
(M = Sn, Ti, Zr, Hf, Th)"^^""^^; [MXgClzH)] (with M=Mn, Ni , Cu 
and X=C1, Br, i)38,39. [MX2(IZH)2] (with M=Mn, Ni , Cu, Zn 
and X=C1, Br, i)38,39,48. [MX2(IZH)] (with M-Co and Ni and 
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:C1, Br, :[38,39 ^^j ^^^^ ^_^n g^ jj X = C1)^®; [MCNO, )2(IzH )2 ] 
(with MrCo, Cu and Zn)^^ [Mn(CNS)2(l2H)2]"^®• 
The s o l v a t e s o f t h e l a t t e r t y p e i . e . ( b ) a re a l s o known 
b u t t h e i r n u m b e r s a r e c o m p a r a t i v e l y s m a l l , t h e y a r e : 
[ M ( I z H ) g X 2 ] ( w i t h M=Mn, C o , N i and X = C 1 , B r , i ) 3 8 , 4 9 . 
[ M ( I z H ) g ( N 0 3 ) 2 ] ( w i t h M=Mn, Co, Ni , Zn)^®'"^^; [M( I z H ) ^ ( N 0 3 ) 2 ] 
w i t h M=Cu, Z n ) ^ ^ ' ^ ^ ; [Mn( IzH)g (CNS)2 ]^®; [Zn ( I z H ) e C l 2 ] ^ ® ' ^ ° 
and [ A g ( I z H ) 2 NOg]^^ . 
I n a l l t h e s e compounds t h e c o o r d i n a t i o n s i t e o f t h e 
l i g a n d was sugges ted t o be t h e p y r i d i n e n i t r o g e n (N -3 ) wh ich 
has been l a t e r c o n f i r m e d f rom s i n g l e c r y s t a l X - r a y s t r u c t u r e 
d e t e r m i n a t i o n on some o f t hese complexes ' . 
The c o o r d i n a t i o n number o f most o f t h e meta l i o n s i n 
t h e adduc ts and s o l v a t e s appeared t o va ry f r om t e t r a h e d r a l 
e . g . i n [ C o C l g C I z H ) 2 ] ^ ^ t o o c t a h e d r a l as I n [ N i ( I z H ) g -
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(N03)2] with square planar intermediates for the Cu(II) 
compounds." ' The methods used for the investigations were 
visible spectroscopy, infra-red spectroscopy and molecular 
weight, conductivity and magnetic moment data. The imidazole 
solvates of a series of tetrafluoroborates and perchlorates 
of divalent metals are also reported^^. 
In sufficiently basic media the conjugate base (Iz) of 
imidazole is formed which may also function as a ligand. With 
dipositive metal ions it has tendency to form compounds of 
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s to i ch iome t ry [ M ( I z ) 2 ] . These ma te r i a l s have usua l l y been 
found i nso lub le and genera l l y considered t o be polymer ic i n 
na tu re . Examples reported are f o r the F e ( I I ) ^ ^ , C u d l ) ^ ^ ' ^ " ^ , 
Z n ( I I ) 5 3 , 5 4 ^ Co( 1 1 ) ' ^ ^ ' ^ ' ^ and N i d l ) " ^ ^ ' ^ ^ s y s t e m s . The 
c o o r d i n a t i o n a r o u n d Z n ( I I ) i n [ Z n ( I z ) 2 ] and C o ( I I ) i n 
[ C o ( I z ) 2 ] i s t e t r a h e d r a l ' ^ ^ . A d i s t o r t e d s q u a r e p l a n a r 
a r r a n g e m e n t has been o b s e r v e d ^ f o r [ C u ( l 2 ) 2 ] and 
pos tu la ted ' * ^ f o r [Ni ( I z )2 ] ' * ^ • Three d i f f e r e n t f o r m s ^ ^ o f 
[Cu ( I z )2 ] have been descr ibed which d i f f e r i n co lour and a lso 
in magnetic behaviour, however t h e i r d e t a i l e d s t r u c t u r e s are 
unknown. The i m i d a z o l a t e s a l t o f C u ( I ) has a l s o been 
repo r ted^^ , f o r which a polymeric br idge s t r u c t u r e (F igure-X) 
has been proposed i . e . 
CU—HKJH — C U — N W N — C U — N U N — 
(F igure-X) 
Attempt has been made to draw some gene ra l i za t i ons on the 
nature of imidazole bonding, based on the X-ray s t r u c t u r a l 
i n f o r m a t i o n s . Freeman and Szymansk i n o t e d t h a t a l l 
comp lexes o f n e u t r a l i m i d a z o l e d e r i v a t i v e s i n v o l v e d 
c o o r d i n a t i o n t h r o u g h p y r i d i n e n i t r o g e n . I n comp lexes 
i n v o l v i n g neu t ra l monodentate imidazole l igands the metal ion 
i s usua l l y near ly co-p lanar w i th the imidazole r i n g . A large 
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deviation was found in the [Co(2-MeIzH)4(N03)2.0.5EtOH]^^ 
structure where the cobalt is nearly 0.4°A out of coplanarity 
with one of the 2-methylimidazolate rings. Smaller deviations 
are reported in [Ag(IzH)2(N03)]^^'^° and [Cu(IzH)2Cl2]^^ 
However, substantial deviations from co-planarity occur in 
cases where the ligand is in anionic form (i.e.Iz) as for 
example in [CU3(IzH)Q(Iz ) gC10^]^^^ [Cu(Iz)2]^^ and 
[Zn(Iz)2] • The bond distances in the complexed imidazole 
ring do not vary much from those in the free ligand . It has 
been observed that imidazole exhibits a considerable 
nucleophilic activity towards transition metal carbonyl and 
iodide complexes i.e. it effects displacement of the CO and 
iodide from these complexes as for example shown below in the 
cyclopentadienyldi iodocobaltearbony 1. 
2IzH 
I2H 1 I2H IzH 
(3) 
There is so far no report of complex in which the imidazole 
acts as a >^-type ligand. 
Attempts to ••nake "diazoferrocenes", introducing 
imidazole as a /T -bonded ligand have given the products in 
1 ^ 
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w h i c h t h e b o n d i n g i s t h r o u g h p y r i d i n e l o n e p a i r . 
"Monoazaferrocenes" der ived from imidazole are known but are 
repor ted^^ '®^ to have l i m i t e d s t a b i l i t y . 
(4) 
In exception to the behaviour of coordination through 
pyridine nitrogen i.e. N-3 and or pyrrolic nitrogen i.e. N-1 
of imidazole there are certain complexes of ruthenium 
amines in which the ligand is bound to ruthenium at 
carbon-2 of the ring. The ligand bound in this mode is 
formally the imidazolium ylide, a neutral dipolar tautomer of 
imidazole possessing an unshared pair of electrons { (T ) on 
carbon-2. Sundberg et, al. ' were the first to prepare and 
characterize a number of C-bound imidazole complexes of 
rutheni um. 
As has been mentioned above the imidazole ring can be 
bound to transition metal via the carbon-2. Imidazole and 
several of its C-4 and C-5 substituted derivatives®^'®^ form 
ions of composition [ (NH3)4Ru( IzHg )X]"''^ with Ru(II) and 
Ru(III) where X can be Cl~, H2O or CO. The carbon bound 
1 5 
arrangement suggested e a r l i e r f rom n . m . r . s t u d i e s o f t he 
6 9 d iamagnet i c R u ( I I ) compounds was l a t e r c o n f i r m e d by a 
c r y s t a l s t r c t u r e determinat ion on the hexaf luorophosphate 
s a l t (F igu re -X I ) of the complex i o n . 
- . 2 + 
CH3 CH3 
/ 
;r=^  
H N \ /UH 
H3N---;Ru 
H3N^^ 
.NH3 
•NH3 
L 
C 
III 
0 
1.35 
1.37/ \ i .38 
HN ^NH 
1.35^ ^^ -^ ^ 
(F igu re -X I ) ( F i g u r e - X I I ) 
It has been observed that the bond lengths for the carbon 
bound ring (t-igu-e-XII), indicate some shortening of the C-C 
bor :l relative to the N-coordinated ligand but remain in an 
aromatic range. The Ru(II) ion which is a very effective 
"^  -donor may be a particularly favourable case for this mode 
of bonding since in the C-bonded arrangement the imidazolium 
ion can act more effectively as a :?^  -acceptor than the 
N-bonded structure. Ru(II) ion is in low spin state as is 
1 e 
Fe(II) in some of its complexes that occur in biological 
systems. 
A similar type of carbon bonding has been found in 
7 0 7 0 
Fe(0) , Cr(0) carbonyl compounds (as shown below in 
eq. (5) and in murcuric complex derived from the 
1 ,3-dipheny1imidazolium ion . 
C H 3 N ^ NCH3 + HFe (CO) 
CH3N^ ^NCHa 
Fe -»- H2 
CO CO CO CO 
(5 ) 
C r y s t a l l o g r a p h i c data f o r the Fe (0 ) ( F i g u r e - X I I I ) and 
7 fi 
Hgdl) (Figure-XIV) species suggest that the ring dimension 
in these ions are quite similar. The chemistry of these 
carbon bound complexes is still under exploratory stage at 
this time. 
1.34 
H3C 1.36 CH3 
Fe 
1.355 
/^^1.395 
y ^ \ 
C6H5 I 1.33 CgHs 
Hg 
(Figure-XIII) (Figure-XIV) 
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Diazoles (e.g. imidazole as shown in Figure-XV) and 
other nitrogen heterocycles having two or more nitrogen atoms 
in a molecule exhibit a potential capacity to coordinate as 
"exobidentate ligands" on two different metal ions to form 
M-L-M links . This kind of bridging is characteristic of 
these nitrogen heterocycles in contrast with common 
"endobidentate ligands" such as in 2,2'-bipyridine. The M-L-M 
links give rise to dimeric clusters, chain molecules and two 
or three dimensional network structures. All these structural 
types when involve purine and imidazole ligand are 
particularly interesting in relation to electronic state of 
metal complexes as well as those of biological interest. 
(Figure-XV) 
The coordination chemistry of bridged binuclear 
transition metal complexes has been the subject of extensive 
78 7 9 
study ' in the recent past. Interest in this topic has 
been stimulated by the efforts of the bioinorganic chemists 
to synthesize model compounds for the coordination sites of 
fin 
metallobiomolecules . Particularly intriguing are hetero-
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ft 1 binuclear complexes where the influence of one transition 
metal on the physical and chemical properties of its 
neighbour can be assessed. Heterobimetal1ic centres are known 
go 
to occur in bovine erythrocyte superoxide dismutase (Cu-Zn) 
DO 
and cytochrome C-oxidase (Cu-Fe) . 
The imidazole ring of the amino acid, histidine is a 
ubiquitous ligand in chemical and biological systems . It's 
conjugate base, the imidazolate ion, bridges copper (II) and 
Zn(II) in bovine erythrocyte superoxide dimutase . An 
imidazolate bridge splitting and reformation cycle has been 
postulated ' to occur during enzyme turnover in an effort to 
rationalize the role of zi'nc. 
The imidazolate ion is known to bridge metal ions in 
polymeric or semipo1ymeric materials as uni-negative 
exobidentate ligand. The X-ray crystal analysis of 
[Cu(Iz)2]^^'^^ has indicated the formation of -Cu(1)-(Iz)-
Cu(2)-(Iz)-Cu(1)-chains in crystal such that each Cu(1) atom 
has a flattened tetrahedral coordination and Cu(2) acquires a 
square coordination. The chains are linked at Cu(1) atoms to 
give rise to three-dimensional net work structure. Similar 
bridges between Cu(II) ions are shown , to exist in 
semipolymeric [CugCIzjg(IzH)g(C10^)^] and in polymeric 
[Cu(Iz)(IzH)2Cl]. The former consists of linear trinuclear 
clusters with unidentate (IzH) and (Iz) ion acts as an 
exobidentate ligand forming the Cu-Iz-Cu link. The crystal 
1 9 
contains one dimensional infinite Cu-Iz-Cu chains as shown in 
figure XVI. 
(F igure-XVI) 
Imidazo la te b r i dg ing a lso e x i s t in nonpolymeric complexes too 
and t h e f i r s t such example i s t h e t e t r a m e r 
[Cu2(bpIz) ( Iz )2(N03)4.H20] (F igure XVII ) where bplz i s 4 , 5 -
b i s [ 2 - ( 2 p y r i d y l ) e t h y l i m i n o m e t h y 1 ] imi dazo l a t e . Magne t i c 
s u s c e p t i b i l i t y measurements ' o f t hese complexes have 
revelaed t h a t Cu ( I I ) ions are invo lved in an t i f e r romagne t i c 
exchange i n t e r a c t i o n s propagated by the Iz ion b r i dge . 
2 0 
(Figure-XVII) 
Some other discrete imidazolate bridged transition 
metal complexes e.g. [Cugbplz] and [Cu(pip)2](Iz ) 
[pip=2-(2-pyridyl)ethyliminomethyl]pyridine) have also been 
reported^"^'®^. 
It has, recently, been shown in this laboratory that 
imidazole can be substituted in BH^ anion yielding 
novel moieties with B-N bonds. The reaction proceeds through 
elimination of hydrogen (s) depending on the stoichiometric 
ratio of the reactants to give dihydrobis, hydrotris or 
tetrakis (imidazolyl)borate anion formulated as [BH2lZ2]~, 
[BHIZg]" or [BIz^]" respectively. These novel moieties have 
QQ—QA 
been found to e x h i b i t considerable r e a c t i v i t y towards 
t r a n s i t i o n m e t a l i o n s y i e l d i n g s t a b l e c o m p l e x e s . The 
-2. 1 
physicochemical investigations on these compounds have 
conf\rmB6 that both pyridyl and pyrrolic nitrogens of the 
imidazole group in the poly (Imidazolyl) borate anions are 
involved in coordination to metal ions. 
In coordination compounds with thiocyanate ion(s) as 
ligand, three possible modes of coordination of thiocyanate 
ion to a metal cation have been envisaged . These are 
(i) through nitrogen M-NCS (ii) through sulphur M-SCN and 
(iii) through both the nitrogen and sulphur when the SCN 
group is acting as bridges between two metal ions. The 
thiocyanate ligand is bifunctional with both, the nitrogen 
and sulphur atoms, equally potent to act as an electron pair 
donor. After coordination through the nitrogen end of.the 
molecule, the sulphur end appears to be able to donate 
electrons in coordinate covalent bond formation with metal 
qg 
ions like mercury(II) or silver(I). An analysis of the 
fundamental vibrations of the thiocyanate anion has been done 
by Penney and coworkers who have assigned absorption band 
— 1 QA 
at 2053 cm to this stretching mode. Chatt et. al . have 
studied the number of thiocyanate complexes of palladium, 
platinum and silver and have shown that the C-N stretching 
frequency is found at higher wave numbers when the 
thiocyanate is bridging, than when it acts as monodenate 
coordinating ligand. The correlation^^ between infra-red band 
frequency and structure, rather than to set up any definite 
diagnostic rules, could be summarized as: 
(1) The C-N stretching frequency is at higher wave numbers 
in the order M-NCS, M-SCN, M-SCN-M', all other factors 
are constant. 
(2) For a given disposition of the thiocyanate ion, the more 
polarizing the cation (the greater its charge or its 
electro-negativity or smaller the cation) the greater is 
the frequency of the C-N vibration. 
(3) Bridged thiocyanates are formed with a variety of 
strength, i.e. if the group M is sufficiently electro-
positive it coordinates with the thiocyanate, forming an 
unsymmetrical bridge M-NCS-M' or M-SCN-M' and the 
frequency moves to much higher values. 
The organic isocynates and isothiocyanates, RNCX 
(R=CH3, C2H5.CgHg;X=0,S) are reported to be versatile 
Lewis bases because of its ability to provide two or more 
possible donor sites for metal coordination and the 
large variety of organic moieties that can be varied in the 
R-position. The rubber industry has been issued several 
patents on the use of RNCX with aluminium oxide, silicon 
oxide. Adducts formation of RNCX and iodine, phenol ' 
have been observed in solution. Adducts of RNCS with a few 
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transition metal ions with sulphur of the NCS moiety as 
potent coordinating site have been reported . Organic 
isothiocyanate have been shown to coordinate through the 
C-S bond also, as represented by structure (Figure-XVIII). 
C6H5)3P 
Pt 
^^$^^5^ P 
/ \ 
^ ^ . 
Ph 
(Figure-XVIII) 
There is possibility of cis-trans isomerism about the 
C=N bond, but there is no evidence for the existence of 
such isomers. The l^(C-N) stretching vibration character-
istic of the C-S coordination as represented in figure XVIII 
is reported to appear as a broad band at 1643 cm~^ 
about 450 cm below the "^sym (N^S) vibration in free 
ligand. The structure as shown in figure -XIX has been 
proposed^*^^ for the complex [RhCI (PhNCS)2{ (CgHg )3P}2] on the 
basis of i.r. spectral data. 
2 ^ 
Ph 
(C6H5)3P 
N 
II 
C 
II 
s 
Rh 
/ \ 
(C6H5)3P ^. C 
CI 
'N 
'Ph 
(F igure -XIX) 
There i s comparat ively less i n t e r e s t shown towards the 
syn thes is of s u b s t i t u t e d i so th iocyanate d e r i v a t i v e s of non-
metal atoms other than carbon, e s p e c i a l l y of P, As, Sb and 
Bi . The f i r s t non-meta l l i c isocyanates^*^^ of phosphorus were 
a c t u a l l y r e p o r t e d as e a r l y as 1 9 4 0 , b u t u n t i l 1954 t h e 
s u b s t a n c e i n t h i s c l a s s were d i f f i c u l t t o p r e p a r e and 
p r a c t i c a l l y no i n v e s t i g a t i o n s had been c a r r i e d out on them. 
The r a p i d development of t h i s f i e l d began o n l y w i t h the 
d i scove ry of s imp le r and more c o n v e n i e n t methods o f t h e i r 
p repa ra t i on . General procedures f o r the p repara t ion of non-
m e t a l l i c i s o - t h i o c y a n a t e s o t h e r t h a n ca rbdn i n v o l v e t h e 
reac t i on between the corresponding non-metal c h l o r i d e and 
l e a d ( I I ) , me rcu ry ( I I ) or s i l v e r ( I ) t h iocyana tes ' ' ^ ^ ' ^°® e i t h e r 
in benzene suspension or in the absence of the s o l v e n t . The 
use of s i l v e r t h i o c y a n a t e s in benzene suspens ion has been 
•2. 5 
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extensively applied by Forbes and Anderson . Alkali metal 
or ammonium thiocyanates have also been used as suitable 
substituting agents, taking advantages of the solubility of 
ionic thiocyanates and the essential insolubility of the 
resulting alkali metal or ammonium chloride in organic 
solvents. It is possible for the thiocyanate (NCS) group in 
non-metal thiocyanates to bind the non-metal atom either 
through sulphur atom or the nitrogen atom. The preparation of 
typical addition compounds indicates that the reaction of 
potassium thiocyanate with substituted phosphorus 
c h l o r i d e ' , acyl or aroyl chlorides generate 
isothiocyanates. Analogous reaction between alkylhalides and 
potassium thiocyanate in ethanol, on the other hand have been 
11 3 
shown to yield the corresponding normal thiocyanates . It 
has been shown from the molar refraction measurements that 
phosphorus trichloride, phosphoryl chloride and the methyl 
chlorosilanes afford compounds with the isothiocyanate 
structure on treatment with metallic thiocyanates. 
Phosphorus isocyanates are used for the preparation 
of phosphoryl ated urethanes and ureas. Some of them are 
physiologically very active and have found practical use as 
insecticides and drugs. The phosphorus (III) isocyanates of 
the type X2 PNCO and XP(NC0)2 with X=Hal, alkoxy, aryloxy, 
1 OR 
a l k y l and a r y l a re known . Phosphorus (V) i s o c y a n a t e s a re 
1 n fi 
v e r y r e a c t i v e and t h e y can be p r e p a r e d f rom r a p i d l y 
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obtainable starting materials. Phosphorus isocyanates in 
which halogen atoms are also attached to the phosphorus atom 
can react at two points in the molecule. They react very 
readily with alcohols, phenol, some amines and other 
compounds bearing active hydrogen and can therefore serve as 
important starting materials for the synthesis of derivatives 
of phosphoric acid and phosphinic acid. 
Phosphorus(III) isocyanates often exhibit chemical 
properties similar to those of phosphorus(III) chloride. 
The NCO groups show only a slight, if any, tendency to enter 
into addition reactions. Phosphorus(III) isocyanates decompose 
even in absence of air and moisture. Their stability 
increases in the Series P(NC0)3<C1P (NC0)2<C12PNCO. 
Moreover, it was reported that organophosphurs(III) 
halides i.e. RPXp (X=Cl,Br) afford the corresponding 
isothiocyanate derivative when reacted under restricted 
condition with AgSCN, Hg(SCN)2 or NH^NCS. Furthermore, the 
preparative procedure required heating in each case usually 
under reflux in a suitable solvent and thiocyanato compounds 
1 1 R 
of phosphorus are often thermally unstable. Fild found 
that further heating of freshly distilled CgF5P(NCS)2 lead to 
complete transformation to a mixture of substances which 
could not be separated by distillation. From n.m.r. and other 
evidences he deduced that these were pentavalent phosphorus 
thiocyanato and cyano compounds i.e. 
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2CgF5P(NCS)2 >C6p5P(S) (NCS)2 + CgF5P(S)(CN)2 . . . ( 6 ) 
D i l l o n e t . a l . have c a r r i e d out P.n.m.r . spec t ra l s tud ies 
t o i l l u s t r a t e the f o r m a t i o n o f RP(NCS)2 ( R = a l k y l , a r y l or 
CgFc species in s o l u t i o n . 
These compounds a re o b t a i n e d as y e l l o w c o l o u r e d 
s o l u t i o n s in non-polar organic so l ven t s , but are unstable in 
neat form and r e a d i l y become viscous t u r n i n g to a dark brown 
v i scous l i q u i d . Whi le the methy l and e t h y l compounds were 
even more uns tab le , qu i ck l y becoming reddish brown viscous 
l i q u i d w i t h i n the en t ry pa r t of the i n e r t atmosphere box. 
The most s t a b l e m a t e r i a l was CgF5P(NCS)2i w h i c h had been 
i s o l a t e d by F i l d by d i s t i l l a t i o n but f u r t h e r heat ing led to a 
mixture of two substances which could not be separated 
by d i s t i l l a t i o n and gave higher f i e l d P.n.m.r . s igna ls 
a t 7 and 40 ppm. These were deduced t o a r i s e f r o m 
C Q F 5 P ( S ) ( N C S ) 2 and CgFgPCS)(CN)2 r e s p e c t i v e l y . 
CHAPTER-II 
EXPERIMENTAL METHODS 
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EXPERIMENTAL METHODS 
The characterization of coordination compounds is 
usually achieved by employing several available physico-
chemical methods including spectroscopic techniques. The 
single crystal X-ray diffraction method (X-ray crystallo-
graphy) has, during recent years, received a great deal of 
attention since it provides an accurate molecular geometry 
i.e. disposition of the constituent atoms in the molecules. A 
detailed discussion on the theory and practice of the various 
techniques are available in important text books, reviews and 
monographs, however, it seems appropriate to mention a brief 
account of the techniques which have been used in the 
investigations of the compounds described in the present 
work. The methods used are as follows: 
1. Infra-red spectroscopy. 
2. Nuclear magnetic resonance spectroscopy. 
3. Electronic spectra (Ultra-violet and visible). 
4. Magnetic susceptibility measurements. 
5. Molar conductance measurements. 
6. Molecular weight determination. 
7. Elemental analyses. 
I n f r a - r e d Spectroscopy: 
I n f r a - r e d s p e c t r o s c o p y i s t h e consequence o f 
c h a r a c t e r i s t i c p r o p e r t y o f a compound and can be used t o 
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reveal the structure and to provide information for new 
linkages or certain bond cleavage to establish the bonding 
sites in new compounds. 
The vibrational and rotational-vibrational motion of a 
molecule are responsible for the absorption of energy. The 
rotational-vibrational absorption bands are usually found in 
gases and vibrational bands are found in condensed gases, 
1iquids and sol ids. 
Infra-red spectrum is commonly obtained by placing the 
sample in one beam of a double beam spectrophotometer and 
measuring the relative intensity of the transmitted (and 
therefore absorbed) light verses wavelength in waye numbers 
(per centimeter). The molecule can absorb all or part of the 
incident infra-red radiation increasing its natural vibration 
when the frequency of the incident radiation is the same as 
that of a given bond in the molecule and there is a change in 
the dipole moment during the vibration. As the molecule 
reverts from the excited state to the original ground state, 
the absorbed energy is released in the form of radiation. 
Radiation is absorbed and emitted only in discrete packets 
called photons. 
A non-linear molecule has 3N-6 degrees of freedom or 
modes of vibration (N is number of atoms) which results in a 
change in bond lengths or angles in the molecules. Normal 
modes are defined as to represent independent self repeating 
3 0 
motion in a molecule which is a harmonic oscillator. 
Sometimes these vibrational modes are less than the expected 
number, since the absorption of electromagnetic radiation in 
the i.r. region is possible only when there is a change in 
the dipole moment of the molecule during the normal 
vibration. If there is no such change it will be "infra-red 
inactive". For a particular vibration to be i.r. active the 
following selection rules have to be satisfied. 
1. In order for a molecule to absorb infra-red radiation 
there must be a change in the dipole moment of the molecule 
as it vibrates. 
2. In absorption of radiation only those transitions for 
which change in the vibrational energy level i.e. .AV=+1 can 
occur or the energy of radiation must coincide with the 
energy difference between the excited and ground states of 
the molecule. 
The frequencies of certain groups of atoms is called 
"group frequency". These frequencies are characteristic of 
the groups irrespective of the nature of the molecule in 
which these are attached. The absence of any band in the 
appropriate region indicates the absence of that particular 
group in the molecule. Stretching frequency can be related to 
the bond order. Thus stretching is higher for a triple bond 
as compared to a double bond and so on. 
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The i.r. spectrum contains absorption bands 
characteristic of the fundamental modes of vibration like 
stretching (symmetric and asymmetric) and bending or 
deformation (scissoring, wagging, twisting and rocking) and 
also those arising from multiples of fundamental frequencies 
(overtones) and/or sum or difference of some frequencies 
(combination bands). 
In the following paragraphs only those frequencies 
which are pertinent to the discussion of the present 
compounds will be outlined. 
-Si(CHo)3 stretching vibrations: Infra-red absorption bands 
arising from linkages involving silicon atoms are about five 
times more intense than the bands from the corresponding 
carbon linkages. In the series of open chain compounds 
1 1 f t 
examined by Wright and Hunter (the range from hexamethyl 
disiloxane to octadecamethy1 octasiloxane) - Si(CH3)3 is 
observed as a strong band at 841 cm" which decreases in 
intensity as the chain length is increased and which is 
uniformly absent from the corresponding cyclic compounds 
(hexamethylcyclo-trisiloxane). A second band whose intensity 
varies with chain length occurs in the same compounds at 
756-754 cm" . These are clearly associated with vibrations 
involving the Si(CH3)3 end group of the open chain materials 
and would appear to be sufficiently characteristic for the 
identification of this grouping. This has been confirmed by 
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various workers from studies on a series of aryl tnmethyl 
si lanes which invariably show an intense band close to 
840 cm" . Wright and Hunter noticed a band at 1258 cm" in 
their series of compounds. However, the additional band at 
1250 cm" exhibited by tetramethylsilane and other similar 
series of compounds, has been attributed to the rocking mode 
of the methyl grouping. 
Si-N stretching vibration: The infrared and Raman spectra 
Si 
of Si-N compounds with structures containing SiNSi, SiN and 
121 ^^ 
(-SiN-)^ umts have been most studied . The characteristic 
antisymmetrical Si-N (Si) stretching frequency lies in the 
range 900-1000 cm" while the symmetrical stretching 
-1 1 ?? frequency for the same group is in 400-600 cm range . . 
Imidazole ring vibrations: The i.r. spectra of pyrazole and 
imidazole are well known in the literature for the several 
modes of these ligands. The infra-red spectra of 1:1 metal 
imidazole complexes in D2O and corresponding spectra of 
imidazole and imidazolium ion have been discussed thoroughly. 
Band assignments have been ascer-tained by examining the 
infra-red spectra of the u'euterated derivatives of imidazole 
and imidazolium ion. The in-plane bending and ring stretching 
modes of imidazole undergo sizable shifts to higher 
frequencies upon formation of imidazolium ion. The spectra of 
the metal complexes are more characteristic of free imidazole 
than of the imidazolium ion. These large frequency shifts in 
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imidazolium ion indicate that upon protonation (and to a 
lesser extent upon complex formation) the imidazole ring 
undergoes ex tensive ^-e1ectron redistribution. Ring 
stretching vibrations occur in the general region between 
1600-1300 cm" . The absorption involves stretching and 
contraction of bonds in the ring and the interaction between 
these stretching modes. The band pattern and relative 
intensities depend upon the substitution and the nature of 
the substituents. Pyridine shows four bands while pyrroles 
display two to four bands in this region. Imidazole exhibits 
four strong bands which occur at 1530 cm" (R.| stretch.), 
1480 cm~^ (R2 stretch.), 1405 cm" (R3 stretch.) and at 
1330 cm" (R4 stretch.). The characteristic pattern .of 
absorption of the ring stretching vibrations result from the. 
complete interaction of C=C, C:::N and C-N and it is therefore, 
very difficult to isolate the different vibr-ations. 
Stretching frequencies of (CgHc)^?: Several reports dealing 
with infra-red and Raman spectroscopic investigations of 
primary, secondary and tertiary phosphines have appeared in 
literature and complete vibrational analysis have been 
attempted. Tertiary phosphines containing the P-Ph linkage 
show two characteristic sharp absorptions of medium to 
weak intensity in the regions 1450-1425 cm"^ and 1010 cm~^, 
•I p e 
Daasch and Smith have examined a considerable series of 
aryl phosphorus compounds containing the P-aryl group and 
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have found in all cases bands in the region 1450-1435 cm" 
and 1005-995 cm~ which are sharp and of moderate intensity. 
They associate these with P-Phenyl link but point out 
also that these might equally well arise from ring vibrations 
which have become activated in some way. Absorptions due 
to P-Phenyl has also been ascribed to bands at 
520-420 cm~^  ^^''. 
-NCS stretching vibrations: The linear thiocyanate ion 
NCS~ exhibits three i.r. active fundamental vibrations which 
are, two stretching vibrations at 2060 cm" and 743 cm" 
associated with the C-U and C-S bands respectively and a 
deformation vibration at 470 cm" . However, it is well known 
that NCS" ion can coordinate to metal ion through N as well 
as S centres. It has been of particular interest to obtain a 
reliable criterion to show whether bonding to the central 
metal ion be through the nitrogen atom (N- or iso series) or 
through sulphur atom (S- or normal series). The infra-red 
spectra of thiocyanato complexes have been extensively 
studied with this aim in view. Mitchell and Williams 
reported the C=N stretching frequency to be usually higher 
in S-thiocyanates than in N-thiocyanates, though there are 
some exceptions. The C-S stretching frequency on the other 
hand, has been found to have the characteristic values of 
860-780 cm" in N-thiocyanate complexes as opposed to Ca. 
700 cm"'' in S-thi ocyanato compl exes^ ^ ®. However it was 
emphasized by Sabatini and Bertini""^^ that bonding in 
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thiocyanato complexes may be characterized by examining the 
N-C-S bending frequencies: N-bonded groups absorb at lower 
frequency. This criterion may be used to advantage when there 
are absorption bands in the region 700-850 cm" ^  which can 
mask the weak C-S stretching band. 
In derivatives like RNCS, R3SiNCS, Xg.^PCNCS)^ (X^CHg, 
CgH^; n=1,2,3) and even in HNCS the non metal atom (C, Si, P, 
H etc) are in general bonded to the N end of the NCS group 
yielding the isothiocyanates analogues. The three expected 
stretching frequencies of organic isothiocyanates have been 
approximated''^^ as the R-N stretch, V(RN), the N-C stretch 
V (NC) and C-X stretch V (CX). These three modes would be 
expected to interact and mix with each other because of the 
extensive system and similarity in energy. In particular 
the N-C stretch and C-X stretch are known to be highly mixed, 
labelled as NCS asymmetric stretch V^g (NCS) and NCS sym-
metric stretch V„,,„ (NCS) respectively. In RNCS the 
O J III 
^ asym C^^S) has been reported at Ca 2100 cm" as a broad 
band. A medium to strong intensity band observed at Ca. 900 
cm~ is assigned to the characteristic of \) 5y^(NCS) stret-
ching vibrations. 
Metal-Nitrogen stretching bands: The M-N stretching frequency 
is of particular interest since it provides direct 
information about the coordinate bonds . Because of the 
relatively heavy mass of the metal and the low bond order of 
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the coord inate bond the M-N s t r e t c h i n g v i b r a t i o n may appear 
in the lower frequency reg ion . Using metal isotope techniques 
C o r n i l s e n and Nakamoto a s s i g n e d t h e M-N s t r e t c h i n g 
v i b r a t i o n s in s ix teen imidazole complexes of N i ( I I ) , C u ( I I ) , 
Z n ( I I ) and C o ( I I ) which usua l l y appear in the 325-210 cm" 
reg ion . In se r ies of papers, Powell has examined a number 
of amine complexes in the rock s a l t and KBr regions ( i . e . 
down upto on ly 450 cm" ) . He has r e p o r t e d e x t r e m e l y weak 
bands near 500 cm" ^  , a l l of which were assigned to meta l -
n i t rogen s t r e t c h i n g f requenc ies . 
P-N s t r e t c h i n g v i b r a t i o n : The s i n g l e bond P-N s t r e t c h 
frequency appear in the region 1050-1150 cm" wh i le the P=N 
s t r e t c h f requency i s r epo r t ed t o occu r i n 1300-1350 cm~ , 
Niecke e t al . repor ted st rong and broad bands f o r a P=N 
bond at 1345 cm"^ and 1298 cm~^. 
M e t a l - s u l p h u r s t r e t c h i n g v i b r a t i o n : The M-S s t r e t c h i n g 
f requency g e n e r a l l y appears as a s i n g l e band o f moderate 
i n t e n s i t y at Ca. 290 cm" . In some cases s p l i t t i n g of t h i s 
band which are of weak to moderate i n t e n s i t y has a lso been 
repor ted '^^. 
Meta l -ha logen s t r e t c h i n g f r e q u e n c y : The m e t a l - h a l o g e n 
s t r e t c h i n g v i b r a t i o n usua l l y occurs in the f a r i . r . region 
( 4 0 0 - 1 5 0 cm" ) .The M-X s t r e t c h i n g f r e q u e n c y g e n e r a l l y 
inc reases as the o x i d a t i o n number o f meta l i n c r e a s e s . I t 
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13 5 depends on stereochemistry of the molecule also . It is 
inversely proportional to the mass of the metal. 
The bands observed in the region 320-270 cm" in the 
present complexes are assigned to the terminal metal-halogen 
stretching bands. The bridging M-Cl-M stretching vibrations 
are reported to occur below 270 cm~^ 135,136_ j|^ g bridging 
halogen stretching vibrations are expected to appear in the 
lower spectral region as compared to the terminal one, which 
•107 . — I 
is reported to occur in the region 305-290 cm . 
1 ? 8 M e t a l - p h o s p h o r u s s t r e t c h i n g v i b r a t i o n : The meta l -
phosphorus stretching vibration is located in the far i . r . 
region. The band is in general weak in intensi ty. For the 
present complexes they appear around 320-300 cm" spectral 
region. 
Nuclear Magnetic Resonance: 
Nuclear magnetic resonance spectrum is very helpful in 
ascertaining the structure of the compounds. Since the number 
of signals in an n.m.r. spectrum tells us how many kinds of 
protons a molecule contains. 
The n.m.r. spectroscopy is most often concerned with 
nuclei with nuclear spin quantum number 1=1/2, examples of 
which include ""H, ^ ^P, ""^F. Spectra can not be obtained on 
nuclei with 1=0 and only in special cases can spectra result 
from nuclei where I > 1 . 
3a 
A nucleus with 1=1/2 when placed in an external field 
provides two allowed orientations i.e. MI = + 1/2 or -1/2 of 
the nuclear magnetic moment vector. The +1/2 corresponds to 
alignment of the vector with the applied magnetic field and 
-1/2 opposed to it. In the absence of a magnetic field all 
orientations of the nuclear moment are degenerate, but this 
degeneracy is lifted up in the presence of an external field 
in such a way that (for 1=1/2) the ml = + 1/2 state will be 
lower in energy and the -1/2 state higher. The energy 
difference ( A E ) between the two states is not very high 
compared to the thermal energies kT. 
When a molecule is placed in a magnetic field, its 
electrons are caused to circulate, and in circulating they 
generate secondary magnetic field i.e. induced magnetic 
fields. Circulation of electrons about the proton itself 
generates a field aligned in such a way that at the proton it 
opposes the applied field. The field felt by the proton is 
thus diminished and the proton is said to be shielded. 
Circulation of electrons, specially A -electrons, about 
nearby nuclei generates a field that can either oppose or 
reinforce the applied field at the proton depending on the 
proton's location. If the induced field opposes the applied 
field, the proton is shielded as before. If the induced 
field reinforces the applied field, then the field felt by 
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the proton is augmented and the proton is said to be 
deshielded. 
Compared with a naked proton a shielded proton requires 
a higher applied field strength and a deshielded proton 
requires a lower applied field strength to provide the 
particular effective field strength at which absorption 
occurs. Shielding thus shifts the absorption upfield and 
deshielding shifts the absorption down field. Such shifts in 
the position of the n.m.r. absorption arising from shielding 
and deshielding by electrons are called chemical shifts. 
The units in which a chemical shift is most 
conveniently expressed is parts per million (ppm) of the 
total applied field. The reference point from which chemical 
shifts are measured is the signal from, usually 
tetramethy1 si 1ane (CH2)4Si. Because of the low electro-
negativity of silicon, the shielding of the protons in the 
si lanes is greater than in most other organic molecules, as a 
result most n.m.r. signals appear in the same direction for 
the tetramethylsilane signal i.e. downfield. 
The most commonly used scale is the 8 (delta) scale. An 
n.m.r. signal from a particular proton appears at a different 
field strength than the signal from tetramethylsilane. This 
difference in chemical shift is measured in the equivalent 
frequency units ( V = Y^Q/^ ) and it is divided by the 
^o 
frequency of the spectrometer used. Thus for a spectrometer 
at 60 MHz that is 60x10^Hz. 
s . 
observed shift (Hz) x 10® 
60 X 10® (Hz) 
The chemica l s h i f t f o r a p r o t o n i s d e t e r m i n e d , t h e n , by 
t h e e l e c t r o n i c e n v i r o n m e n t o f t h e p r o t o n . I n a g i v e n 
m o l e c u l e , n o n - e q u i v a l e n t p r o t o n s have d i f f e r e n t c h e m i c a l 
s h i f t s w h i l e p r o t o n s w i t h t h e same e n v i r o n m e n t s i . e . 
e q u i v a l e n t p r o t o n s have t h e same chemica l s h i f t . 
The a r e a u n d e r an n . m . r . s i g n a l i s d i r e c t l y 
p r o p o r t i o n a l t o the number o f p r o t o n s g i v i n g r i s e t o t he 
s i g n a l . A r e a s u n d e r n . m . r . s i g n a l s a r e m e a s u r e d b y a n 
e l e c t r o n i c i n t e g r a t o r and are u s u a l l y g i v e n on t h e spec t rum 
i n t he fo rm o f a s tepped c u r v e . 
The f i n e s t r u c t u r e o f t h e p e a k s a r i s e s f r o m t h e 
phenomenon known as s p i n - s p i n s p l i t t i n g and s e p a r a t i o n ' J ' 
between the peaks c o m p r i s i n g t h e f i n e s t r u c t u r e i s r e f e r r e d 
t o as the s p i n - s p i n s p l i t t i n g c o n s t a n t . 
The p r o t o n resonance s p e c t r a o f 1:1 Z n ( I I ) and C d ( I I ) 
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imidazole complexes are reported along with the 
corresponding spectra of imidazole and imidazolium ion. Each 
of these spectra shows a simple first order AX2 pattern in 
DpO consisting of two peaks in the intensity ratio 1:2. The 
less intense peak is assigned to the proton at C-2 
4- 1 
(Figure-XX) while the other is assigned to the C-4 and C-5 
protons, magnetically equivalent in solution because a rapid 
N-H proton exchange takes place with solvent. It is for this 
reason also that the NH proton of imidazole does not show a 
separate resonance in aqueous solution. 
CH --zz Hc CH : = : Hc 
5 A 
N1 „ 3^  N HN ® NH 
" H H 
Imidazole Imidazolium ion 
(Figure-XX) 
Nuc lear magnet ic resonance s p e c t r o s c o p y has proved t o 
be a v e r y v a l u a b l e t o o l f o r t h e i d e n t i f i c a t i o n and 
c h a r a c t e r i z a t i o n o f p r i m a r > ' , s e c o n d a r y and t e r t i a r y 
phosph ines . Hydrogen d i r e c t l y a t t a c h e d t o phosphorus causes 
s p l i t t i n g o f t h e s h i f t by i n t e r a c t i o n s o f t h e h y d r o g e n 
-3 1 . ? 1 
nuc leus w i t h t h e P n u c l e u s . Thus i n P n . m . r . p r i m a r y 
phosph ines e x h i b i t t h r e e peaks w i t h t h e r e l a t i v e i n t e n s i t i e s 
o f 1 :2:1 and secondary phosph ines 2 peaks w i t h t h e r e l a t i v e 
i n t e n s i t i e s o f 1 : 1 . T e r t i a r y p h o s p h i n e s g i v e o n l y one 
peak^^^ . 
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The H n.m.r. spectrum of triethylphosphine indicates 
that the lone electron pair of the phosphorus may be involved 
in the chemical bonding of the ethyl group to phosphorus. The 
H n.m.r. spectrum of triphenyl phosphine is also 
reported""^^. 
Electronic Spectra (Ultra-Violet and Visible Spectroscopy): 
Most compounds absorb light somewhere in the spectral 
region between 200 and 1000 nm. The absorption of these 
radiations cause electronic excitation of the molecule to 
higher electronic states. The spectra observed in this 
region aye often called electronic spectra. 
Electronic transitions in transition metal complexes 
has been well accounted in terms of ligand field theory. 
Ligand field theory provides a simple model for the 
elucidation of structure of transition metal complexes. In a 
transition metal, all the five 'd' orbital viz. dxy, dyz, 
2 
dxz, dz and d^2_ 2 are degenerate. However in coordination 
compounds due to the presence of ligands, this degeneracy is 
lifted and d orbitals split into two groups called t2q (dxy, 
dyz and dxz) and eg (d22 and d^2- 2) in an octahedral complex 
and t^ and e in a tetrahedral complex. The set of t2q 
orbitals goes below and eg orbitals goes above the original 
level of the degenerate orbitals in an octahedral complex. 
In case of the tetrahedral complexes the position of the two 
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sets of orbitals is reversed, the e going below and t going 
above the original degenerate level. 
In order to interpret the spectra of transition metal 
complexes, the device of energy level diagram based upon 
"Russel-Saunder Scheme" must be introduced. This has the 
effect of splitting the highly degenerate configurations into 
groups of levels having lower degeneracies known as 'Term 
Symbols'. 
The orbital angular momentum of electrons in a filled 
shell vectorically add upto zero. The total orbital angular 
momentum (L) is obtained by adding 1 value of the individual 
electrons, which are treated as a vector with the componQnt 
ml in the direction of the applied field. Thus, 
L = ^ 1 ^ = 0 1 2 3 4 5 6 
S P D F G H I 
The total spin angular momentum S = ^ S' where s^ is the 
value of spin angular momentum of the individual electrons. S 
has degeneracy equal to 28+1 , which is also known as "spin 
multiplicity". 
In general the terms or spectroscopic symbols arising 
from a d'^  configuration are as follows: 
d^  or d^ : ^ D 
d^  or d^ : ^ F, ^P, ^G, b , "• S 
A-A-
d^ or d^ : "^ F, "^ P, ^ H, ^G, ^F, ^0(2), ^P 
d"^  or- d^  : ^ D, ^H, ^G, ^F(2), ^D, 2p(2), •  I , ''G(2), 
^D(2), •'S(2) 
d^ : H, ^G, ^F, ^D, ^P, 2i, 2^^ 2^(2), 2p(2), 
^0(3), 2p, ^S 
d° or- d^O: ^S 
Coupling of L and S also occurs because both L and S if non 
zero, generate a magnetic field and thus tend to orient their 
moments with respect to each other, in the direction where 
their interaction energy is least. This coupling is known as 
'L-S coupling' and give rise to the resultant angular 
momentum denoted by the quantum number J which may have 
quantized positive values from L+S upto L-S. Each state 
specified by J is 2J + 1 fold degenerate. The total number of 
states obtained from a term is called the multiplet and each 
value of J associated with a given value of L is called a 
component. Spectral transitions due to spin-orbit coupling in 
an atom or an ion occurs between the components of two 
different multiplets. While L-S coupling scheme is used for 
the elements having atomic number less than 30. However for 
heavy elements in whose case spin-orbit interactions are 
large and electronic repulsion parameters decreases the spin 
angular momentum of an individual electron couples with its 
orbital momentum to give an individual j for that electron. 
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The individual j's couple to produce a resultant J for the 
atom. 
The electronic transition taking place in an atom or 
ion are governed by certain "Selection Rules" which are as 
follows: 
(1) Transition between states of different multiplicity are 
forbi dden , 
(2) Transitions involving the excitation of more than one 
electron are forbidden. 
(3) In a molecule which has a centre of symmetry, transitions 
between two gerade or two ungerade states are forbidden. 
The ground term of a d*^  system is the one which has the 
highest spin multiplicity and the highest L value. All the 
terms of a given system further split in the presence of a 
ligand-field. Inter-electronic repulsions within a 
configuration give the energies of the terms above the ground 
term. The energies are function of two parameters related to 
electron repulsion. The two parameters may be chosen in 
either the way of Condon and Shortley (Fp, F^) or in that of 
Racah (B and C) for d orbital electrons. For the first 
transition series ions the value of C/B is around'4.0 and B 
is about 1,000 cm" . It is possible to examine the effects of 
crystal field on a polyelectronic configuration. The ligand-
field splitting due to cubic field can be obtained by 
consideration of group theory, it has been shown that an S 
state remains unchanged, P state does not split, a D state 
splits into two and F state into three and a G state into 
four states as tabulated below. This holds for a octahedral 
(Oh) as well as tetrahedral geometry. 
S A^ 
P T^  
D E + T2 
F A2 + T^  +T2 
G A^  + E + T^  + Tg 
In weak c - y s t a l f i e l d s the i n t e r - e l e c t r o n i c repu ls ions are 
l a r g e r . The c r y s t a l f i e l d may, however , be o f comparab le 
magnitude (medium s t r e n g t h ) or i t may be l a r g e r t han the 
i n t e r , e l e c t r o n i c repu ls ions . 
Co r re l a t i on diagram f o r f ree ion (weak f i e l d ) s t rong 
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f i e l d c o n f i g u r a t i o n f rom d - d f o r bo th o c t a h e d r a l and 
t e t r a h e d r a l cases a re a v a i l a b l e . I n a d d i t i o n t o t h e 
q u a l i t a t i v e a s p e c t s o f t r a n s i t i o n f r o m weak t o s t r o n g 
c r y s t a l - f i e l d s i t i s a l so necessary t o have q u a n t i t a t i v e 
r e s u l t s a v a i l a b l e f o r the i n t e r p r e t a t i o n of spec t ra . The so 
c a l l e d Tanabe-Sugano diagrams make i t p o s s i b l e . I n t hese 
diagrams, the energies of the l eve l s of a d^ system as E/B 
are p l o t t e d as the v e r t i c a l coord inate and the c r y s t a l f i e l d 
s t reng th in the form of Dq/B as the ho r i zon ta l coord ina te . 
A^T 
This diagram requires two parameters B and C for the inter-
electronic repulsions. It can be drawn only if the ratio C/B 
is specified. 
Transition from the ground state to the excited state 
occur according to selection rules described earlier. The 
energy level order of the states arising from the splitting 
of a term state for a particular ion in an octahedral field 
is the reverse of that for this ion in a tetrahedral field. 
Sometimes due to transfer of charge from ligand to 
metal or metal to ligand, bands appear in the ultra-violet 
region of the spectrum. Such spectra are known as 'charge 
transfer spectra' or redox spectra. For metal complexes there 
are often possibilities that charge transfer spectra ex-tend 
into the visible region to obscure d-d transitions. However, 
these should be clearly discerned from the ligand bands which 
might also occur in the same region. 
The spectra of transition metal complexes may be 
recorded in the solid state as well as in the solution. A 
single crystal may be studied in which case the observation 
of the absorption spectrum is made in different crystal 
orientations and with light polarized in different planes. 
The diffused reflectance spectrum is helpful in 
assigning the possible geometry of the complexes in 
condensed phase. In this technique the sample is ground 
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finely and the light reflected from it is examined. It is 
usually advantageous to grind the compound with a suitable 
inert white material, such as magnesium oxide. Minima in the 
reflected light occur at the absorption bands of the 
complex. Unless the grinding is very thorough the band 
obtained in diffused reflectance spectra tend to be broader 
and show less structure than the one recorded in solution or 
as a simple crystal for the same complex. However often 
diffuse reflectance spectrum is the only method available for 
the study of the spectrum of an insoluble material. The 
spectrum represents plot of relative absorbance against 
energy. 
It is appropriate to discuss in brief the assignments 
of various bands vis-a-vis to geometry of the molecule 
through discussing the electronic spectra of several 
complexes with transition metal ions pertinent to this work, 
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d and d : In both these cases if the perturbing field is 
perfectly cubic then th«re is only one transition ^ E ^ — ^ 129 
(reversed for d ) . Usually there are other perturbations 
present which change the simple concept of one band in the 
1 Q 
v i s i b l e and near u l t r a - v i o l e t reg ion . Both d and d have 
J a h n - T e l l e r e f f e c t s w h i c h may d i s t o r t t h e p e r f e c t l y 
octahedral s t r u c t u r e s at l eas t t e t r a g o n a l l y and in a d d i t i o n 
f o r d the s p i n - o r b i t coupl ing has become Ca. 800 cm so 
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t h a t t h i s w i l l impose a f u r t h e r p e r t u r b a t i o n upon the 
prev ious one. The exc i ted Eg leve l in d , under the in f luence 
of a t e t r a g o n a l p e r t u r b a t i o n would s p l i t i n t o B^  + A^ 
l e v e l s . A rough est imate of the s p l i t from an examinat ion of 
the band envelope shape f o r aqueous T i ( I I I ) spect ra suggests 
a value of perhaps 2,000 cm~ so t h a t the t r a n s i t i o n i s from 
p 
an e s s e n t i a l l y oc tahed ra l Tgg l e v e l t o a t e t r a g o n a l p a i r 
B^g and A^g. C o p p e r ( I I ) hexahyd ra te e x h i b i t s a o i n g l e 
b r o a d maximum a t 12 ,600 cm" b u t t h e e n v e l o p e may be 
v i s u a l i z e d t o c o n t a i n more t h a n one t r a n s i t i o n . Four 
c o o r d i n a t e c o p p 3 r ( I I ) complexes a re a l s o known, and the 
CUCI4 ion appears from i t s spectrum to be nearer t o square 
than t e t rahed ra l but there are often interact ions w i t h _the 
so lven t which cloud the issue. I t does not seem to be a v a l i d 
assumption t h a t t h i s species i s p e r f e c t l y t e t r a h e d r a l . 
? ft p 
d and d : Vanadium (III) is a case of d configuration. This 
oxidation state was one of the first to be treated by 
Hartmann et al . Both the hexahydrate and the tris 
oxalate complexes have well defined transitions at 
17,000 cm" and 24,000 cm" and these are now assigned as 
2T2g(F) < —^T^g(F) and ^T^g(P) < ^T^g(F). The second 
transition was originally assigned as A2g(F) < "'"la 
but this is unlikely as configurationally, it represents 
eg < ''"•'2g ©9 i-S- a 'two' electron transition. 
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The spectra of nickel (II) complexes are among the most 
exhaustively investigated for many reasons, one of them being 
the large spin-orbit coupling constant. 
The octahedral Ni(II) complexes usually exhibit a band 
in the infra-red at 8,600 cm~ with a close pair of bands in 
the red (^14,000 cm" ) followed by somewhat weaker band at 
18,500 cm" and a comparatively stronger transition in the 
blue at 25,500 cm" which has been assigned as 
^T2g < ^A2g at 8,600 cm""" 
^T.^(F) < at 13, 500 cm"'' 
^Eg (D) < at 15,400 cm""" 
"'A^g(G) < at 18,500 cm"'' 
^Ti„(P) < at 25,500 cm"'' 
By elongating one of the axes of an octahedral complex, 
the limiting structure of the complex will be a square-planar 
configuration. This structure would produce a diamagnetic 
Ni(II) complex. However, as shown by Ballhausen and Maki , 
it is by no means certain. A very weak square-planar crystal 
field will still produce a paramagnetic complex. Similar 
conclusions have been reached independently by Hartmann and 
Fischer-Wasels . Condition for dia- and para-magnetism of 
square-planar nickel(II) complexes have been given by 
Ballhausen and Liehr considering a strong crystalline 
field point of view. 
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If the triplet state is not too high in energy over the 
singlet ground state there is a possibility that it may be 
equally populated at ordinary temperatures or in other words 
the crossing over of the singlet and triplet states occur at 
ordinary temperatures and hence the complex should exhibit a 
weak temperature dependent paramagnetism. 
d and d': Chromium(III) is the best known representative of 
d and its spectrum with many different ligands is known. The 
ground state is A2q and is the only state of maximum 
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multiplicity arising from the configuration t2q. The lowest 
lying terms of the free ion are F, P and G in that order 
and of the excited stark levels arising from them, six have 
so far been identified. They are -
i g 
2g 
<-- -
<- - -
'T2g(F) < — 
^T ig(F) < -
i g (p ) < 
Agg a t 15,000 cm 
a t 15,500 cm" 
a t 17,400 cm' 
a t 22,000 cm" 
a t 24,700 cm" 
a t 37,000 cm" 
i n t h e ruby s p e c t r u m , 
i n t h e ruby s p e c t r u m , 
i n t h e h y d r a t e spec t rum, 
i n t h e ruby s p e c t r u m , 
i n t h e h y d r a t e spec t rum, 
i n t h e h y d r a t e spec t rum. 
C o b a l t ( I I ) complexes may have a d o u b l e t ground s t a t e 
i n s t e a d o f a q u a r t e t b u t Dq n e v e r r e a c h e s a l a r g e enough 
v a l u e f o r t he c r o s s over t o o c c u r . 
The' known t r a n s i t i o n s a r e ( f o r t h e o c t a h e d r a l 
m o l e c u l e s ) . 
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^l2g(f) < "^ T^ g at 8-9,000 cm ^  
2E„ < at 1 1 ,000 cm"'' . 
'*A2g(F) < at 16-18,000 cm ^  
"^ T. (P) < at 20-21,000 cm""" 
The Eq4--T^  transition is interesting in that it 
represents conf igurational ly t2q eg < t2g eg and so 
should be broad and its maximum should shift to lower 
frequencies with decreasing temperature because its energy 
curve plotted against Dq has a larger negative slope than the 
curve for the ground term. The A2q(F) < T^ (F) should be 
expected to be much weaker than the other transition because 
it corresponds to a two electron excitation which is, quantum 
mechanically, a forbidden transition. • 
Tetrahedral cobalt complexes (in particular [CoCl^ ]) 
are well known and their spectra have been interpreted on CF 
2 
theory. Their intensities are about 10 times that of the 
octahedral.The ground state here is A2 (e) (t2) , and three 
quartet transitions are expected to occur. 
d^: 
Manganese ( I I ) has been exhaus t i ve ly i nves t i ga ted in 
i t s complexes w i t h many l i g a n d s . The hexa h y d r a t e i s an 
example and i t s assignments are given below. 
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T2g(G) < 
Eg(G) 
2g 
(G) 
(D) 
E^g (D) 
ig 
'ig 
(p) < — -
A2g(F) <- — 
Tlg(F) •^ — 
T2g(F) < — -
at 18,800 cm' 
at 23,000 cm' 
at 24,900 cm' 
at 25,150 cm' 
at 28,000 cm' 
at 29,700 cm" 
at 32,400 cm" 
at 35,400 cm" 
at 36,900 cm" 
at 40,600 cm" 
Ruthenium has the electronic structure (4d) (5s) . 
Complexes with the metal in the oxidation states two to six 
are found. Ru(II) has the electronic structure [Kr] (4d) eg. 
A-Ru(CN) is colourless and presumably diamagnetic. 
Ru(III) complexes on the other hand are fairly well 
characterized. The electronic structure corresponds to d . 
Spectra of the red species RuC^ and RuBr, have been 
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given by Jijjrgenson . The work of Hartmann and Buschbeck 
describes spectra of RuClr^  , of the colourless [Ru(NH3)g] 
and of the red violet complex [Ru(NH2)5l] + 2 
Magnetic Susceptibility: 
I t has been wel l i nd i ca ted t h a t the de termina t ion of 
magnetic moments of t r a n s i t i o n metal complexes prov ide ample 
i n f o r m a t i o n i n a s s i g n i n g t h e i r s t r u c t u r e . The o r b i t a l 
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splitting patterns derived from ligand field theory for 
transition metal complexes of the first transition series 
provide a reliable first-order-interpretation (particularly 
in understanding the number of unpaired electrons) of the 
measured magnetic susceptibilities. The main contribution to 
bulk magnetic properties arises from the magnetic moment 
resulting from the motion of the electrons. It is possible 
to calculate the magnetic moments of compounds from the 
measured values of magnetic susceptibility. 
Substances can be classified into four distinct classes 
depending on the magnetic behaviour as diamagnetic, 
paramagnetic, ferromagnetic and antiferromagnetic. 
Diamagnetism is shown by the compounds containing 
paired electrons. A diamagnetic substance, when placed in a 
magnetic field aligns itself perpendicular to the direction 
of the field, so as to allow minimum number of magnetic 
lines of force to pass through it and there is a net loss in 
its weight. Furthermore, the applied field induces motion of 
electrons in such a direction so as to generate a magnetic 
moment which is opposed to it and hence the diamagnetic 
substances are repelled by a magnetic field. The dia-magnetic 
effect is a temporary effect and exists only in the presence 
of magnetic field and vanishes as soon as the magnetic field 
is removed. 
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Paramagnetism is shown by the substances containing 
unpaired electrons. Paramagnetic substances are more 
permeable to the magnetic lines of force, so align themselves 
parallel to the direction of the applied field and large 
number of lines of force can pass through them. Consequently 
there is a net gain in the weight of the paramagnetic 
substances when kept in a magnetic field. The field induces 
motion of the electron in a direction so as to produce 
magnetic moment which is in the direction oV the applied 
field. It is a permanent effect and exists even in the 
absence of field. 
Substances in which the electron of the adjacent 
paramagnetic sites interact magnetically with each other are 
ferromagnetic or antiferromagnetic. A ferromagnetic substance 
is one in which the adjacent magnetic dipoles are oriented 
in the same direction. An antiferromagnetic material is one 
in which adjacent magnetic diploles are oppositely oriented. 
For determining magnetic moment of a substance, 
magnetic susceptibility is measured from which magnetic 
moment can be calculated. 
Magnetic susceptibility, X may be defined as the ratio 
of intensity of magnetization (I) induced in a substance to 
the strength of applied magnetic field(H), 
S6 
I 
X = r k ... (7) 
H 
k is called the magnetic susceptibility per unit volume. 
This is simply related to both the gram susceptibility, 
X and molar susceptibility X|^ 
k 
... (8) ^ = -
>^M = -
 
d 
k 
d 
M ... (9) 
where d and M a re t h e d e n s i t y and m o l e c u l a r w e i g h t o f t h e 
s u b s t a n c e . 
The magnet ic s u s c e p t i b i l i t y i s a d i m e n s i o n l e s s q u a n t i t y 
w h i c h i s p o s i t i v e f o r p a r a m a g n e t i c and n e g a t i v e f o r 
d i a m a g n e t i c s u b s t a n c e s . However, pa ramagne t i c subs tances 
h a v e a n e g a t i v e d i a m a g n e t i c c o n t r i b u t i o n t o t h e i r n e t 
s u s c e p t i b i l i t y . So f o r d e t e r m i n i n g c o r r e c t m a g n e t i c 
s u s c e p t i b i l i t y , a d i a m a g n e t i c c o r r e c t i o n i s p o s s i b l e , 
c o r r 
^ M ^ ^ M - " ^ d i a • • • (10) 
I n g e n e r a l m a g n e t i c s u s c e p t i b i l i t y d e p e n d s on 
t e m p e r a t u r e , w i t h i n a c e r t a i n l i m i t o f t e m p e r a t u r e range ( 2 0 -
c o r r 
40K) . The dependence o f X ^ upon t e m p e r a t u r e i s g i v e n by 
5 T 
com C 
where 0 = Curie-Weiss constant and 
C - Curie constant 
Cu rie constant has the value 
C = ( /tt )2B2 ... (12) 
3k 
where N = Avagadro's number 
k = Boltzman's constant 
>*^ eff = Effective magnetic moment 
p = Bohr magneton. 
The e f f e c t i v e m a g n e t i c moment i s a q u a n t i t y o f 
c o n s i d e r a b l e i n t e r e s t t o c h e m i s t s , w h i c h a f t e r t-he 
s u b s t i t u t i o n o f t h e v a l u e o f t h e c o n s t a n t s can be r e p r e s e n t e d 
as 
CO r r 
^ • e f f = 2.84 V ^ M -T (13) 
The magnetic proportion of any individual atom or ion results 
from the combination of spin moment of the electron and the 
orbital moment resulting from the motion of•the electron 
around the nucleus (classical way), however the contribution 
due to orbital moment is very small. 
For a free paramagnetic ion, the effective magnetic 
moment may be calculated from the formula, 
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/<gff = g [J(J+l)]^/2 ... (14) 
where g = Lande's spectroscopic splitting factor and is 
given by the formula 
J(J+1 )+S(S+1)-L(L+1) 
g ^ , + . . . ( 1 5 ) 
2J(J+ i ) 
where J ,L ,S r e f e r t o the ground s t a t e s p e c t r o s c o p i c 
terms. 
In the compounds of f i r s t t r a n s i t i o n se r ies the o r b i t a l 
c o n t r i b u t i o n t o the magnet ic moment I s a lmos t c o m p l e t s l y 
quenched by the l igand f i e l d . Therefore , s u b s t i t u t i n g L=0 
and J=S in equat ion (14) and (15) , thereby ob ta i n i ng g=2 and 
t h e f o l l o w i n g s p i n - o n l y f o r m u l a w h i c h may be used . fo r 
appropr ia te c a l c u l a t i o n o fy^g^x. 
yUgf^ = 2 [S(S+1) ] ' ' /2 . . . (16) 
This equat ion i s s i g n i f i c a n t in study of the t r a n s i t i o n metal 
complexes, because the number of unpaired e lec t rons may be 
cor re la ted ' w i th the bonding or s t r u c t u r e of the complexes. 
There a re t h r e e d i f f e r e n t m e t h o d s , namely G o u y ' s 
method, Evan's method, Faraday's method which are used f o r 
t h e measurement o f t h e m a g n e t i c s u s c e p t i b i l i t y o f t h e 
complexes. Faraday's method can be app l ied f o r the samples 
which are too small f o r the Gouy method. 
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The gram susceptibility is measured by the following 
formula, 
A W W Std 
w ^w std 
where Xq = gram susceptibility 
A W - change in weight of the unknown sample 
with magnet on and off 
W = Weight of the known sample 
-AWstd = Change in weight of standard sample with 
magnets on and of. 
Wstd. = weight of standard sample 
X 
s t d . = Gram s u s c e p t i b i l i t y o f t h e s t a n d a r d 
sample. 
The magnetic moment is usually expressed in B.M. (Bohr 
Magneton) which may be defined as. 
eh 
1 B.M. -
4/^  mc 
where, 
e = electronic charge 
h - Planck's constant 
m = mass of the electron 
c = velocity of light 
The magnitude of ^Qff "is then measured using expression 
defined above by equations (9), (10) and (13). 
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Molar Conductance: 
The magnitude of molar conductance give direct 
information about the ionic and non ionic nature of a given 
compound and is therefore, considered a simple and easily 
accessible method for the characterization of coordination 
compounds. 
Ohm's law states that current strength I is directly 
proportional to the applied electromotive force (emf, E) and 
inversely proportional to the resistance (R) 
E 
... (18) 
R 
The resistance of any uniform conductor varies directly 'as 
its length [l(cm)] and inversely as its area of cross section 
[a(sqcm)], so that 
R = f— ... (19) 
a 
where f , a constant for a given conductor is known as the 
specific resistance or resistivity, its units are ohm cm. The 
specific conductance of any conductor is defined as the 
reciprocal of the specific resistance and may be represented 
by symbol k. The conductance, 'C' is defined as the 
reciprocal of the resistance so that by equation (19). 
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C = K ohm 
1 
-1 (20) 
K o h l r a u s c h d e f i n e d a f u n c t i o n c a l l e d t h e e q u i v a l e n t 
c o n d u c t i v i t y ( _A_) 
^ - 1 2 
7 L = 1000 - ohm ^ cm"^  . . . (21 ) 
C 
w h e r e C i s t h e c o n c e n t r a t i o n o f t h e s o l u t i o n i n g ram 
e q u i v a l e n t per l i t r e . 
The f o l l o w i n g r e l a t i o n i s used f o r d e t e r m i n i n g t h e 
molar conductance ( -^\^) 
A 
M 
Cell constant X conductance 
Concentration of solution 
(22) 
U s u a l l y s o l u t i o n s o f 1x10" M s t r e n g t h a r e used f o r t h e 
conductance measurements. Molar conduc tance v a l u e o f 
d i f f e r e n t t ype o f e l e c t r o l y t e s i n a few s o l v e n t s a re g i ven 
be low. 
Sol vent Molar Conductance 
(Ohm ' Cm^) 
Type of electrolyte 
Nitromethane 
DMSO 
DMF 
Methanol 
Nitromethane 
DMF 
Methanol 
75-95 
50-75 
65-90 
80-115 
150-180 
130-170 
160-220 
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Molecular Weight Determination: 
Molecular weight determination is useful for deciding 
the composition of a molecule. Various methods are available 
to determine the molecular weight of a given compound. 
1. Osmotic pressure method 
2. Sedimentation method 
3. Light scattering method 
4. Viscosity method 
5. Rast method 
Viscosity method and Rast method have been used to 
determine the molecular weight of the compounds in the 
present work. 
Viscosity method: The method commonly employed is based on 
Poiseuilie's law which connects the rate of flow of a liquid 
through a capillary tube with the coefficient of viscosity of 
the liquid and is expressed by equation, 
T^r^tP 
n = ... (23) 
8vl 
where v is the volume in ml of the liquid flowing in t 
seconds through a narrow tube of radius r cm and length 1 cm. 
under a hydrostatic (driving) pressure of p dynes per square 
centimeter and r] is the coefficient of viscosity in poise. 
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Since the hydrostatic pressure P of a liquid column is 
given by 
P = hdg ... (24) 
where h is the height of the column and d the density 
of the liquid, the Poiseuilie's equation (23) may be written 
as 
Xr'^thdg 
7] = ... (25) 
8vl 
It is not necessary to measure all the quantities on 
the right hand side of the above equation. The viscosity of 
water at different temperatures has been very accurately 
determined. The usual procedure is to determine t^ he 
viscosity of a liquid with reference to that of water. This 
is termed as relative viscosity. The time of flow for equal 
volumes of water and the liquid under the examination through 
the same capillary is measured. If t.| and tp are the times of 
flow of the same volumes of water and liquid respectively and 
n^  and n2 are their respective coefficient of viscosity then 
.4 
n^ Ar^t^hd-g 8vl 
X — ... (26) 
^2 8vl Ar^tghdgg 
The value of h will be the same in both cases since equal 
volumes of both liquids were taken and they will stand at the 
same height 
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- — = -'— ... (27) 
where d^  and d2 are the densities of water and liquid 
respectively. 
The Ostwald's viscometer is used for measuring 
viscosity by above method. 
O p Q p ^  p 
Similarly ---- = ... (28) 
where ''Igj cto and t^ are viscosity, density and time of flow 
of the solution respectively. 
Knowing the coefficient of viscosity of water (''1^ ) of 
solvent ( Ip) that of the solution ( ^ 3 ) can be calculated 
by the relation (27) and (28), 
Viscosity of a solution is related to its density by 
the following equation. 
^ 3 - ^S^3 ^3 ... (29) 
where K is a constant 
Specific viscosity ^g is given by relation 
^ ^solution - ^solv 
1 sol v. 
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i.e. ris^ -- - — ' - — — ' — ... (30) 
Specific viscosity is related to the molecular weight of 
the compound by the equation 
^sp = ^^30 ... (31) 
nsp 
or M = . . . (32) 
K3C 
where C is concentration is gm/ml knowing the K3 and 
from equation (29) and (30) respectively, the molecular 
weight of a compound can be calculated by using equation 
(32). 
Rast Method"''^ :^ 
A weighed amount of the compound was mixed with about 
10 times its weight of camphor and the whole mixture was 
melted and the whole mixture was finely grinded and some 
quantity was transferred to capillary tube. The point at 
which the last trace of camphor was about to be completely 
melted, was recorded as the freezing temperature of the 
solution. The depression of the freezing point from that of 
pure camphor was determined with sufficient accuracy and then 
molecular weight of the compound was calculated by using the 
following formula 
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1000 W 
M = K ... (33) 
Tw 
where 
M = Molecular weight of the compound 
K = Mol. depression constant of camphor (39.7) 
W = Weight of the compound taken 
T = Difference in freezing temperature 
w = .Weight of the camphor taken 
Elemental Analyses: 
The chemical analyses is quite helpful in fixing the 
stoichiometric composition of the ligand as well as its metal 
complexes. The microanalysis of carbon, hydrogen, and 
nitrogen were done on a Coleman analyser at t^e 
Microanalytical laboratory of the Science College Calcutta. 
The estimation of halogen (chloride) was don6 
1 'in gravimetncally . A known amount of the sample was fused 
with a fusion mixture containing KNOo and KpCOo in a nickel 
crucible. The mixture was then dissolved in a very dilute 
nitric acid. Silver chloride was precipitated by the 
addition of an excess of silver nitrate solution to the 
chloride solution. The precipitate was collected in a 
weighed sintered crucible, washed, dried at 100-20o°C and 
finally weighed as silver chloride. Mttal analysis were 
• ( C I 
carried out by chelometnc titrauion with standard EDTA . 
For the metal estimatiof, a known amount of complex was 
6 1 
Qocomposed by the addition of a few drops of a mixture of 
nitric acid, sulphuric acid and perchloric acid and this 
metal solution was titrated against standard EDTA solution. 
Tin was estimated as SnO 152 
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INTRODUCTION 
Transition metal complexes of imidazole have been the 
subject of considerable investigations during the last two 
decades because they are models for histidyl residues of 
proteins or of bovine erythrocyte superoxide dismutase. 
^ q "7 q 
A t t e m p t s by p r e v i o u s worke rs ' t o p repa re i m i d a z o l a t e 
c o m p l e x e s o f f i r s t row t r a n s i t i o n m e t a l s e m p l o y i n g 
t r a n s i t i o n meta l s a l t s and i m i d a z o l e i n aqueous media i n t he 
p r e s e n c e o f KOH have y i e l d e d p o l y m e r i c s u b s t a n c e s w h i c h 
n e i t h e r m e l t nor d i s s o l v e i n any s o l v e n t . I t has , r e c e n t l y , 
•150 
been shown t h a t t r a n s i t i o n m e t a l c h l o r i d e s l i k e V C l ^ , 
WClg, M0CI5 and VOClo under anhydrous c o n d i t i o n s a re a t t a c k e d 
by b i s ( t r i m e t h y l s i l y l ) s u l p h u r d i i m i d e ( M e 3 S i N ) 2 S y i e l d i n g 
nove l o l i g o m e r i c s p e c i e s (Cli^MNoSp)^ w i t h c o v a l e n t M-N bonds 
wh ich under s u i t a b l e c r y s t a l l i z i n g c o n d i t i o n y i e l d 
monomeric or d i m e r i c fo rm o f m e t a l l a c y c l e s w i t h d e l o c a l i z e d 
n - e l e c t r o n s i n t h e r i n g . I t was t h e r e f o r e , c o n s i d e r e d 
i m p e r a t i v e t o look f o r a N - s i l y l a t e d d e r i v a t i v e o f i m i d a z o l e 
w h i c h may be e x p l o i t e d as a r e a g e n t f o r p r e p a r a t i o n o f 
monomeric t r a n s i t i o n meta l i m i d a z o l a t e s . I t has been 
found t h a t N - t r i m e t h y l s i 1 y l i m i d a z o l e and N - t r i m e t h y l a s i 1 y l - 2 -
m e t h y l - i m i d a z o l e are p o t e n t r eagen ts f o r t h e s y n t h e s i s o f 
monomeric i m i d a z o l a t o complexes wh ich m e l t s h a r p l y and are 
s o l u b l e i n most o r g a n i c s o l v e n t s . The r e a c t i v i t y o f t h e 
t r i m e t h y l s i l y l group i n N - t r i m e t h y l s i 1 y l i m i d a z o l e towards 
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C-Cl bonds o f o r g a n i c s u b s t r a t e t o f o rm t h e c o r r e s p o n d i n g 
N L - s u b s t i t u t e d i m i d a z o l e d e r i v a t i v e s i s q u i t e w e l l 
known ' . However , t o o u r k n o w l e d g e no r e p o r t has 
appeared i n t he l i t e r a t u r e r e g a r d i n g t h e r e a c t i v i t y o f 
N - t r i m e t h y l s i 1 y l - i m i d a z o l e towards M-C1 bonds. 
Th i s c h a p t e r d e s c r i b e s the r e s u l t s o f t h e s t u d i e s on 
the r e a c t i v i t y o f t he reagen ts J ^ - t r i m e t h y l s i I 7 I i m i d a z o l e and 
N - t r i m e t h y l s i 1 y l - 2 - m e t h y l i m i d a z o l e t o w a r d s C 0 C I 2 , R u C l g , 
CuClp and a few o f t h e i r d e r i v a t i v e complexes e . g . 
[ C o { ( C g H 5 ) 3 P } 2 C l 2 ] , [Cu { (CgH^)3P}3C1 ] , [Ru{(CgH^)3P}3C1g] 
and [Ru{ (CgHg )3AsJrt Cl3.r^0HJ.rhe newly o b t a i n e d compounds have 
been c h a r a c t e r i z e d by e lemen ta l a n a l y s e s , m o l e c u l a r w e i g h t 
and m a g n e t i c s u s c e p t i b i l i t y m e a s u r e m e n t s and i . r . , 
r e f l e c t a n c e and e l e c t r o n i c s p e c t r a l s t u d i e s . 
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EXPERIMENTAL 
Reagents Used: 
The reagents tripheny 1 phosphine (S.R.L.), imidazole 
(Loba), 2-methylimidazole (S.R.L.), hexamethy 1 d i s i 1 azane 
(S.R.L.), C0CI2.6H2O (Glaxo-India), CuCl2.2H20 (E.Merck), 
RuClgCB.D.H., England), RUCI2.3H2O (Jhonson Matthey Chemicals 
Ltd., London), glacial acetic acid (S.D. Fine Chemicals Ltd., 
India), sulphuric acid (B.D.H., England), ammonia solution 
(B.D.H., England) were commercial pure samples and used as 
such. Solvents like tetrahydrofuran, benzene, pet.-ether, 
dichloromethane, n-hexane, dimethylsulfoxide, (all reagent 
1 56 grade) were dried before use by literature method . 
PREPARATION OF THE PRECURSORS: 
1 '57 Preparation of N-trimethylsilylimidazole : Hexamethyl dis.i-
lazane (12.1 gm, 75.0 mmol) was taken in a round bottomed 
flask fitted with a reflux condenser and drying tube. Dry 
nitrogen was flushed in to expel air, acidified and then 
imidazole (6.8 gm, 100.0 mmol) was added. Vigorous reaction 
took place and it was refluxed for 2-3 hrs. to ensure no more 
NHq is evolved, then fractionally distilled under vacuum. 
The fraction distilling at 92°C and 12 torr. were collected. 
The purity of the reagent was checked by i.r. and H n.m.r. 
spectra. 
Ana lyses c a l c u l a t e d f o r CgH^2SiN2; C, 5 1 , 4 0 ; H, 8 . 6 2 ; 
N, 1 9 . 9 7 ; o b s e r v e d 5 1 . 0 9 , 8 . 1 5 , 1 9 . 8 9 r e s p e c t i v e l y ; i . r . 
T 1 
3145m, 3125m, 1549m, 1480s, 1440m, 1 3 3 0 s , 1 2 6 0 s , 1 1 6 5 s , 
1060s, 930m, 850s, 770s, 750s, 670s, 620s crr\~^ ; ""H n . m . r . 
0 . 8 5 6 (9H) , 6 . 8 6 (2H) and 7.61S (1H) . 
Preparation of N-trimethylsilyl-2-methylimidazole: It was 
prepared i n t he same manner as d e s c r i b e d above by t a k i n g 
2 - m e t h y 1 i m i d a z e 1e ( 7 . 2 gm, 8 7 . 0 mmo l ) and h e x a m e t h y l -
d i s i l a z a n e (10 .5 gm, 68 .0 mmol) . The c rude was f r a c t i o n a t e d 
and t h e f r a c t i o n d i s t i l l i n g a t 180°C and 20 t o r r was 
c o l l e c t e d . 
Analyses: calculated for CyH^^SiN2; C, 54,50; H, 9.15; N, 
18.16; obsJirved 54.45, 9,07, 18.07 respect i v«l y; i.r. 3200*-
2900 sb, 1600m, 1570m, 1400s, 1290s, 1255s, 1180s, 1150s, 
1050s, 985s, 850sb, 760s, 745s, 650s, 620s cm~^; H^ n,m.~r. 
0.39? (8.7H), 2.38 S (3H) and 6.8S (2H). 
1 5A 
D e h y d r a t i o n ' ° o f CoCl2.6H20: F ine CoCl2 .6H20(6 ,0 gm) powder 
was p laced i n a f l a s k p r o v i d e d w i t h a ground j o i n t and was 
c o v e r e d w i t h S0C12- The m i x t u r e was r e f l u x e d f o r s e v e r a l 
h o u r s . The excess o f S0(Cl2 wh ich c l i n g s t o t h e p r o d u c t (now 
b l ue i n c o l o u r ) was removed by repea ted e v a c u a t i o n o f t h e 
f l a s k . 
D e h y d r a t i o n ^ ^ ^ o f C u C l 2 . 2 H 2 0 : C U C I 2 . 2 H 2 O ( 5 . 0 gm) was 
r e f l u x e d w i t h 50 ml S0C12. The excess o f SOClg was removed by 
d i s t i l l a t i o n and t h e r e s i d u e was d r i e d under vacuum a t 40°C. 
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Preparation of dichlorobis(triphenylphosphine)cobalt (II): 
Triphenylphosphine (1.5 times the stoichiometric amount i.e. 
7.86 gm, 30.0 mmol) was melted in a water bath and 
CoCl2•6H20(2.37 gm, 10.0 mmol) was slowly added to this 
molten triphenylphosphine with continuous magnetic stirring. 
The reaction mixture was stirred for 5-10 minutes thereafter, 
cooled and ground in a mortar. The blue product obtained was 
treated with hot ethanol for recrystal1ization [M.pt. 225°C]. 
1 fin Preparation of chlorotris(triphenylphosphine)copper(I): 
Triphenylphosphine (6.55 gm, 25.0 mmol) was dissolved in 100 
ml benzene in which CuCl(0.6015 gm, 6.5 mmol) was added in 
portions with continuous stirring, and then the reacti-on 
mixture was refluxed for C_a. 12 hrs. A shining white 
microcrystal1ine mass precipitates out which was isolated 
after filt ration and drying in vacuo. [M.pt. 163*^C]. 
1 fi 1 
Preparation of dichlorotris(triphenylphosphine)ruthenium 
(III): To a solution of ruthenium trichloride trihydrate(0.2 
gm) in methanol (50.0 ml) a six fold excess (1.2 gm) of 
triphenylphosphine was added with continuous stirring. The 
solution was stirred for 2 hrs., filtered and the deep brown 
solution shaken at room temperature under nitrogen for 
Ca. 2 days. The dark brown crystals of the complex were 
washed with methanol followed with ether and dried in vacuo 
at 60°C [M.pt. 135°C]. 
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Preparat ion of t r i c h l o r o b i s ( t r i phenyl a r s i ne ) (methanol ) -
ruthenium(I I I ) : The hydrated ruthenium t r i c h l o r i d e ( 0 . 2 gm) 
and a s ix f o l d excess of t r i p h e n y l a r s i n e ( 1 . 5 gm) were reacted 
in methanol (50.0 ml) w i t h cont inuous s t i r r i n g . The reac t ion 
mix ture was f i l t e r e d and then re f l uxed f o r 3 h r s . by which 
time green c r y s t a l s of the complex were s t a r t e d d e p o s i t i n g . 
The c r y s t a l s were separa ted t h r o u g h f i 1 1 r a t i o n ' and then 
r e p e a t e d l y washed w i t h e t h e r . I t was v e r y s t a b l e i n 
atmosphere hence d r ied in a i r [M.p t .150°C] . 
PREPARATION OF THE COMPLEXES: 
Reaction of N-trimethylsilylimidazole with anhydrous CoClg; 
Isolation of chloro(imidazolato)cobalt(II), (1): N-trimethyl-
si 1 yl imidazole(0 . 41 6 gm, 2.94 mmol) diluted with 30*ml 
benzene was added dropwise from a dropping funnel fitted to a 
round bottomed fl«ask containing CoClp (0.136 gm, 1.05 mmol) 
suspended in 30 ml benzene, with continuous magnetic stirring 
at room temperature under dry nitrogen atmosphere. The 
formation of a light blue oily product was immediately 
indicated and the reaction mixture was stirred for about 
1/2 hr. The mother liquor was decanted off leaving behind the 
oily mass which was washed several times with pet.-ether and 
vacuum dried giving microcrystal1ine solid which melts at 
125°C. The crude was dissolved in 50 ml CHgClg filtered off 
to remove impurity,mixed with n-hexane and kept at 5°C for 
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about two weeks. This gave light blue coloured hexagonal 
crystals [M.pt. 130°C]. 
Reaction of N.-trimethylsilyl-2-methylimidazole with 
anhydrous CoClpj Isolation of chloro(2-methylimidazolato) 
cobalt (II), ( U ) : It was prepared in the same manner as 
described earlier for {V) by dropping (0.452 gm, 2.94 mmol) 
of N-trimethylsilyl-2-methyl-imida2ole diluted with 30 ml 
benzene to a suspension of CoClp (1.36 gm, 1.05 mmol) in 40 
ml benzene. The product was separated out of the mother 
liquor as an oily mass, which on repeated washing with 
diethyl ether resulted in a microcrystal1ine solid melting at 
90°C. It was recrystal 1 i zed as for {!) which gave beautiful 
crystals [M.pt. 102°C]. 
Reaction of N-trimethylsilylimidazole with [Co(CgH5)3P}2Cl2]; 
Isolation of bis(imidazolato)cobalt(II), (III): N-trimethyl-
si 1 yl imidazole (1.28 gm, 9.2 mmol) diluted with 30 ml benzene 
was added dropwise to a solution of [Co{(CgH5)3p}2Cl2] 
(3.00 gm, 4.6 mmol) in 200 ml THF (tetrahydrofuran) with 
continuous stirring at room temperature under dry nitrogen 
atmosphere. Wheii whole of the (CH2)3 Si-imidazole had been 
dropped (30 minutes), the reaction mixture was vigorously 
stirred for an additional 30 mts. and left standing for 
1 hr. The colourless mother liquor was decanted off leaving 
behind the blue oily mass, which was immediately washed with 
benzene-THF mixture, then with pet.-ether and the washings 
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were mixed w i t h t h e f i l t r a t e . The mass was vacuum d r i e d 
g i v i n g l i g h t b lue c o l o u r e d amorphous s o l i d [ M . p t . 135 -145°C ] . 
The f i l t r a t e was vacuum d r i e d g i v i n g 2 .3 gm o f a c o l o u r l e s s 
mi c r o c r y s t a l 1 i rifcj m a t e r i a l [ M . p t . 7 9 - 8 2 ° C ] w h i c h has been 
i d e n t i f i e d as (C5H5)3P [C3.. 2 . 0 mo le e q u i v a l e n t o f t h e 
p r e c u r s o r ] f rom i . r . and e l emen ta l a n a l y s e s . The main p r o d u c t 
has been r e c r y s t a l l i z e d f r o m C H 2 C l 2 / n - h e x a n e g i v i n g a 
m i c r o c r y s t a l 1 i n e s o l i d m e l t i n g a t 147°C. 
R e a c t i o n o f [ ^ - t r i m e t h y l s i l y l - 2 - m e t h y ! i m i d a z o l e w i t h 
[Co{(CgH5) , jP}2Cl2] , I s o l a t i o n of b is (2 -methy l im idazo la to ) 
c o b a l t ( I I ) , , (XY) : Reac t i on was pe r fo rmed i n t h e same manner 
as above by t a k i n g ( 0 . 4 5 gm, 2 . 9 mmol) t r i m e t h y 1 s i 1 y 1 - 2 -
methy l i m i d a z o l e i n 20 ml benzene and (0 .685 grn^i.OS mmol) 
[Co{ (CgHg )-:jP}2Cl2] i n 60 ml THF a t room t e m p e r a t u r e . I n t b i s 
case t o o an o i l y mass was formed wh ich was washed w i t h e t h e r 
t o r e s u l t i n a s o l i d p r o d u c t . The c r u d e p r o ' d u c t was 
r e c r y s t a l l i z e d f r o m C H 2 C l 2 / n - h e x a n e g i v i n g a b l u e 
m i c r o c r y s t a l 1 i n e s o l i d [ M . p t . 1 3 0 ° C ] . I n t h i s case a l s o the 
f i l t r a t e and washings have a f f o r d e d 0.55 gm (abou t 2 .0 mo le -
e q u i v a l e n t ) o f t he f r e e (CgHc)^?. 
R e a c t i o n o f N - t r i m e t h y l s i l y l i m i d a z o l e w i th anhydrous CUCI2 
a f f o r d i n g b i s ( i m i d a z o l a t o ) c o p p e r ( I I ) , ( V ) : The reagen t N-
t r i m e t h y l s i l y l i m i d a z o l e ( 0 .7 gm, 5 .0 mmol) was dropped t o t h e 
suspens ion o f t h e CuCl2 (0 .336 gm, 2,5 mmol) i n 150 ml THF 
w i t h c o n t i n u o u s s t i r r i n g . The r e a c t i o n m i x t u r e was f u r t h e r 
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s t i r r e d f o r Ca. 1 h r . a f t e r t h e reagen t has been c o m p l e t e l y 
added. I t was f i l t e r e d o f f t o remove t h e u n r e a c t e d meta l s a l t 
i m p u r i t y and vacuum d r i e d , washed s e v e r a l t i m e s w i t h 
p e t . - e t h e r t o g i v e a m o r p h o u s s o l i d . The c r u d e was 
r e c r y s t a l 1 i z e d f rom CH2CI2 / n-hexane [ M . p t . 1 8 0 ° C ] . 
R e a c t i o n o f N - t r i m e t h y l s i 1 y l - 2 - m e t h y l i m i d a z o l e w i th CuClp 
y i e l d i n g bi s ( 2 - m e t h y l i m i d a z o l a t o ) c o p p e r ( 1 1 ) , (YJ.) : The 
reagen t N - t r i m e t h y l s i 1 y 1 - 2 - m e t h y 1 i m i d a 2 o l e ( 0 . 7 7 gm, 5 .0 mmol) 
was dropped t o t h e suspens ion o f t h e CuCl2 (0 .336 gm, 
2 .5 mmol) i n 150 ml THF w i t h c o n t i n u o u s s t i r r i n g i n t h e 
manner as d e s c r i b e d above. The r e a c t i o n m i x t u r e was f u r t h e r 
s t i r r e d f o r 1 h r . I t was f i l t e r e d o f f t o r e m o v e t h e 
u n r e a c t e d me ta l s a l t i m p u r i t y and vacuum d r i e d , washed 
s e v e r a l t imes w i t h p e t . - e t h e r t o g i v e amorphous s o l i d . J h e 
c rude was r e c r y s t a l 1 i z e d f rom CH2CI2/n-hexane [ M . p t . 2 1 0 ° C ] . 
R e a c t i o n o f N - t r i m e t h y l s i l y l i m i d a z o l e w i th [Cu{ (CgHc)3P}3Cl ] ; 
I s o l a t i o n o f i m i d a z o l a t o b i s ( t r i p h e n y l p h o s p h i n e ) c o p p e r ( I ) , 
( V I I ) : The r e a g e n t was* t r e a t e d w i t h e q u i m o l a r s o l u t i o n o f 
[Cu{ (CgHg) ,P}3C1 ] i n THF w i t h c o n t i n u o u s s t i r r i n g . Immediate 
c u r d y w h i t e s o l i d f o r m e d w h i c h s l o w l y r e d i s s o l v e d w h i l e 
s t i r r i n g m a g n e t i c a l l y a t room t e m p e r a t u r e , u n d e r N2 
a tmosphere . The r e a c t i o n m i x t u r e was vacuum d r i e d j w a s h e d w i t h 
p e t . - e t h e r and a g a i n d r i e d i n v a c u o . The c r u d e was 
r e c r y s t a l l i z e d f r o m C H 2 C l 2 - n - h e x a n e g i v i n g c o l o u r l e s s 
m i c r o c r y s t a l 1 i n e s o l i d [ M . p t . 1 8 5 ° C ] . The w a s h i n g s have 
yielded 1.0 mole equivalent amount o 
R e a c t i o n o f N - 1 r i m e t h y 1 s i 1 y 1 - 2 - n i e t h y 1 i mi d a z o l e w i t h 
[ C u { ( C g H g ) o P } 3 C l ] ; g i v i n g 2 - m e t h y l i m i d a z o l a t o b i s - ( t r i p h e n y l -
phosph ine )coppe r ( I ) , ( V I I I ) : The reagen t N - t r i m e t h y l - s i 1 y l -
2 - m e t h y 1 i m i d a z o l e was t r e a t e d w i t h e q u i m o l a r s o l u t i o n o f 
[Cu{(CgHc)3P}3C1] i n THF as d i s c u s s e d above. Here , t o o curdy 
w h i t e s o l i d formed which s l o w l y r e d i s s o l v e d w h i l e s t i r r i n g a t 
room t e m p e r a t u r e . The r e a c t i o n m i x t u r e was vacuum d r i e d 
washed w i t h p e t . - e t h e r and d r i e d i n vacuo. The c rude p r o d u c t 
was r e c r y s t a l 1 i z e d f rom CHpCl j / n -hexane g i v i n g c o l o u r l e s s 
m i c r o c r y s t a l 1 i n e s o l i d , [ M . p t . 195°C] . Here a l s o t h e washings 
h a v e y i e l d e d 1 .0 m o l e e q u i v a l e n t a m o u n t o f l i b e r a t e d 
(C6H5)3P. 
P r e p a r a t i o n o f c h l o r o ( i m i d a z o 1 a t o ) b i s ( t r i p h e n y l p h o s p h i n e ) -
c o p p e r ( I I ) , ( I X ) : To a suspens ion o f CuCl2 (0 .336 gm, 
2.5 mmol ) i n 80 ' ml THF, s o l u t i o n o f (CgH5)3P ( 1 . 3 1 gm, 
5.0 mmol) and o f t h e reagen t N - t r i m e t h y l s i 1 y l i m i d a z o l e 
( 0 . 7 gm, 5 .0 mmol) i n 50 ml THF b o t h t a k e n i n s e p a r a t e 
d r o p p i n g f u n n e l s were s i m u l t a n e o u s l y dropped w i t h a s low r a t e 
w i t h c o n t i n u o u s s t i r r i n g a t room t e m p e r a t u r e . The r e a c t i o n 
m i x t u r e was s t i r r e d f o r an a d d i t i o n a l 2 h r . , a f t e r t h e whole 
o f t h e r e a c t a n t s have been a d d e d . I t was f i l t e r e d o f f t o 
remove the i m p u r i t y o f u n r e a c t e d CuClp. The mother l i q u o r was 
v a c u u m d r i e d and w a s h e d w i t h e t h e r . The c r u d e was 
r e c r y s t a l 1 i z e d f rom CH2CIp/n-hexane [ M . p t . 2 1 5 ° C ] . 
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Prepara t ion of ch loro(2-methy l imidazolato)bis ( t r ipheny l -
phosphine) c o p p e r ( I I ) , (X ) : To a suspension of CuCl2 
(0.336 gm, 2.5 mmol) in 80 ml THF, s o l u t i o n of (CgH5)3P (1.31 
gm, 5 .0 mmol) and o f t h e r e a g e n t N . - t r i m e t h y l s i l y l - 2 -
methyl imidazole (0.77 gm, 5.0 mmol) both in 50 ml THF were 
s imul taneous ly dropped as f o r {IX). The reac t ion mix ture was 
s t i r r e d f o r an a d d i t i o n a l 2 h r s . a f t e r t h e whole o f t he 
reac tants have been dropped i n . F i l t e r e d o f f t o remove any 
i m p u r i t y of unreacted metal s a l t . The mother l i q u o r was 
vacuum d r i e d and washed w i t h e t h e r . The c r u d e was 
r e c r y s t a l 1 i z e d from CHgClj/n-hexane [M.p t . 185°C). 
React ion of N - t r i m e t h y l s i l y l i m i d a z o l e with anhydrous RuClg; 
I s o l a t i o n of ch lo rob isC imidazo la to ) ru then ium ( I I I ) , ( X I ) : 
N - t r i m e t h y l s i 1 y l imi dazole ( 2 . 0 1 gm, 13.4 mmol) was added 
dropwise from a dropping funnel t o a s o l u t i o n of RuClg 
( 1 . 0 gm, 4 .8 mmol) i n 40 ml THF w i t h c o n t i n u o u s magne t i c 
s t i r r i n g under an i n e r t atmosphere o f d ry N2 • The dark 
co lou red s o l u t i o n was s t i r r e d f o r one hour wh ich a f f o r d e d 
black coloured m ic rocy rs ta l1 ine s o l i d out of the s o l u t i o n . 
The reac t ion mix ture was f u r t h e r s t i r r e d f o r two h rs . The 
s o l i d was i s o l a t e d in the absence of a i r and moisture as i t 
was moisture s e n s i t i v e in na tu re , washed w i th hexane-ether 
and d r i ed in vacuo (M.pt .> 360°C]. 
7 9 
Reaction of N-trimethylsilyl-2-methylimidazole with anhydrous 
RuCl3; Isolation of chlorobis(2-methylimidazolato)ruthenium 
(III), (XII): It was prepared in the same manner as described 
above for (XI) by dropping (2.06 gm, 13.4 mmol) of the 
reagent N-trimethylsi1yl-2-methy1imidazole diluted with 10 ml 
THF to a solution of RuClg (1.0 gm, 4.8 mmol) in 25 ml THF. 
The oily mass obtained after removal of solvent in vacuum 
evaporation was shaken with hexane, finally with ether giving 
black coloured microcrystal1ine solid [M.pt.>360°C]. 
Reaction of N-trimethylsilylimidazole with [Ru{CgH5)3As}2-
Clg.MeOH],; Isolation of tri s( i mi dazol ato ) bi s (tri phenyl-
ars i ne ) ruthen i um( 111 ) , (XIII): Reagent N.-t r i me thy 1-
si 1ylimidazole (0.48 gm, 0.6 mmol) was added dropwise to a 
continuously stirring solution of [Ru{(CgHc)3As}2Cl3.MeOH] 
(0.175 gm, 0.2 mmol) in 20 ml THF. The colour of the 
solution was brown which further intensified on addition of 
the reagent. Microcrystal1ine solid separated out of the 
solution while stirring which was continued for Ca. 2 hrs. 
The mother liquor was keot overnight at low temperature for 
further recrystal1ization. The solid was separated through 
filtration in closed system. As the mother liquor still had 
some brown colour so it was mixed with hexane and kept at 5°C 
for two days giving the next crop of the compounds. [M.pt.> 
360°C]. 
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R e a c t i o n o f N.-1 r i m e t h y 1 s i 1 y 1 - 2 - m e t h y 1 i mi d a z o l e w i t h 
[Ru { (CgHg)3As }2C l3 .MeOH] ; I s o l a t i o n o f t r i s ( 2 - m e t h y 1 -
i m i d a z o l a t o ) b i s ( t r i p h e n y 1 a r s i n e ) r u t h e n i u m ( I I I ) , ( X I V ) : The 
i s o l a t i o n o f t h e p r o d u c t t r i s ( 2 - m e t h y 1 i m i d a z o l a t o ) b i s 
( t r i p h e n y l a r s i n e ) r u t h e n i u m ( I I I ) was per fo rmed i n t h e same 
manner as d e s c r i b e d above f o r ( X I I I ) by t r e a t i n g t h e reagen t 
N - t r i m e t h y l s i l y l - 2 - m e t h y l i m i d a z o l e ( 0 . 0 9 6 gm, 0 . 6 mmol) 
d i l u t e d i n 10 ml THF t o a c o n t i n u o u s l y s t i r r i n g s o l u t i o n of 
t h e p r e c u r s o r ( 0 . 1 7 5 gm, 0 . 2 mmol) i n 20 ml THF. The 
m i c r o c r y s t a l 1 i n e s o l i d w h i c h g r a d u a l l y a p p e a r e d i n t h e 
s o l u t i o n was f i l t e r e d o f f and d r i e d i n vacuo . The mother 
l i q u o r when t r e a t e d w i t h n-hexane and kep t a t 5°C gave t h e 
m i c r o c r y s t a l 1 i n e s o l i d . I t was washed w i t h e t h e r and d r i e d i n 
vacuo. [ M . p t . > 3 6 0 ° C ] . : 
Reaction of N - t r i m e t h y l s i l y l i m i d a z o l e w i th [Ru{ (CgHg)3P}3Cl2] ; 
I s o l a t i o n o f b i s ( i m i d a z o l a to ) b i s ( t r i p h e n y l p h o s p h i n e ) 
r u t h e n i u m ( I I ) , ( 2 ^ ) : N - t r i m e t h y l s i 1 y l i m i d a z o l e ( 0 .051 gm, 
0.36 mmol) was added d ropw ise f rom a d r o p p i n g f u n n e l t o a 
s o l u t i o n o f [ R u { ( C g H g ) 3 P } 3 C I 2 ] ( 0 . 1 7 6 gm, 0 . 1 P mmo l ) 
d i s s o l v e d i n THF under d ry Ng a tmosphere . The i n i t i a l brown 
c o l o u r a t i o n o f t h e s o l u t i o n go t i n t e n s i f i e d on t h e a d d i t i o n 
o f t h e r e a g e n t . I t was m a g n e t i c a l l y s t i r r e d f o r a d d i t i o n a l 
2 h r s . Dark brown m i c r o c r y s t a 1 1 i n e s o l i d a p p e a r e d i n t h e 
s o l u t i o n . I t was kep t a t low t e m p e r a t u r e f o r s e v e r a l hours t o 
e f f e c t f u r t h e r c r y s t a l l i z a t i o n o f t h e p r o d u c t . A l l 
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m a n i p u l a t i o n s were done s t r i c t l y i n t h e atmosphere o f d ry 
Np t o a v o i d o x i d a t i o n o f R u ( I I ) . The brown s o l i d was decanted 
o f f f r o m t h e mo the r l i q u o r and washed s e v e r a l t i m e s w i t h 
e t h e r and d r i e d i n vacuo [ M . p t . 2 1 8 ° C ] . The washings were 
c o l l e c t e d and d r i e d i n vacuo wh icn y i e l d e d (Ca. 0.05 gm) 
m i c r o c r y s t a l 1 i ne s o l i d . I t was i c e n t i f i e d as (^5^^5)3? f rom 
t h e m e l t i n g p o i n t [ M . p t . 80°C] , i . r . and m i c r o a n a l y s e s o f 
t h e c o m p o u n d . The l i b e r a t e d t r i p h e n y l - p h o s p h i n e was 
a p p a r e n t l y e q u i v a l e n t t o one mole e q u i v a l e n t w i t h r e s p e c t t o 
t he p r e c u r s o r t aken f o r the r e a c t i o n . 
R e a c t i o n o f N . - t r i m e t h y l s i 1 y 1 - 2 - m e t h y l i mi d a z o l e w i t h 
[RUHCQH^J^P] 2^^2^ I s o l a t i o n o f b i s ( 2 - m e t h y l i mi d a z o l a t o ) 
b is ( t r iphenylphosphine) ruthenium ( I I ) , ( X V I ) : The reagen t N-
t r i m e t h y l s i l y l - 2 - m e t h y l i m i d a z o l e (0 .055 gm, 0.36 mmol) was 
t r e a t e d w i t h (RulCgH^)3P}3C12] (0 .176 gm, 0 .18 mmol) i n t h e 
same manner as has been d e s c r i b e d f o r t h e above r e a c t i o n . 
Here t o o , t h e w a s h i n g s when d r i e d i n v a c u o have p r o v i d e d 
w h i t e c r y s t a l l i n e powder i d e n t i f i e d as (CgH5)3P f rom m e l t i n g 
p o i n t , m i c r o a n a l y s e s and s p e c t r o s c o p i c d a t a . The l i b e r a t e d 
^^6*^5^3'^ has been e q u i v a l e n t t o 1«omole e q u i v a l e n t w i t h 
r e s p e c t t o t he s t a r t i n g p r e c u r s o r . 
The brown c o l o u r e d main p r o d u c t was d r i e d i n vacuum 
[ M . p t . 230° C ] . 
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RESULTS AND DISCUSSION 
The observed r e a c t i v i t y o f N - t r i m e t h y l s i 1 y l i m i d a z o l e 
and N - t r i m e t h y l s i l y 1 - 2 - m e t h y l i m i d a z o l e towards t r a n s i t i o n 
m e t a l c h l o r i d e s and t h e i r c o m p l e x e s i s r e a s o n a b l y t h e 
c o n s e q u e n c e o f t h e a f f i n i t y o f - ( C H 3 ) o S i g r o u p o f t h e 
r e a g e n t s f o r t he c h l o r i n e atom i n t h e s u b s t r a t e s , e f f e c t i n g 
t h e r e l e a s e o f ( C H 3 ) 2 S i C l . The r e s u l t s o f t h e e l e m e n t a l 
a n a l y s e s , s t o i c h i o m e t r i e s and the e x p e r i m e n t a l l y de te rm ined 
m o l e c u l a r - w e i g h t o f t h e f i n a l p r o d u c t s o f t h e v a r i o u s 
r e a c t i o n s have been shown i n T a b l e - I and I I . 
Fo rma t i on o f c h l o r o ( i m i d a z o l a t o ) c o b a l t ( I I ) , ( 1 ) ; c h l o r o ( 2 -
m e t h y l i m i d a z o l a t o ) c o b a 1 t ( I I ) , ( I I ) ; b i s ( i m i d a z o l a t o ) c o b a l t 
( I T ) , (111.) and b i s ( 2 - m e t h y l i m i d a z o l a t o ) c o b a l t ( I I ) , ( I V ) : Eor 
t h e r e a c t i o n s o f C0CI2 w i t h t r i m e t h y 1 s i 1 y 1 i m i d a z o l e and 
t ' - i m e t h y l s i 1 y l - ' ^ - m e t h y l i m i d a z o l e , t h e f i n a l p r o d u c t i n each 
case has been c h a r a c t e r i z e d as [CoLCl ] ( L = i m i d a z o l a t e or 
2 - m e t h y l i m i d a z o l a t e ) even t h o u g h t h e s i l y l r e a g e n t s we re 
t a k e n i n excess f rom t h a t r e q u i r e d f o r t h e t o t a l removal o f 
c h l o r i n e as (CH3)2S iC l , i . e . 
C0CI2 + (CH3)3 Si — fsj 
N 
> ClCo-N 
N 
+(CH3)3SiCl (33) 
R= H , ( I ) 
R= C H 3 , i l l ) 
e 3 
There is no i n d i c a t i o n of the fo rmat ion of even t races of 
m e t a l l i c coba l t in e i t h e r of the reac t i ons , un l i ke to t h a t 
r epo r t ed f o r the r e a c t i o n o f L iN(C2H5)2 w i t h C0CI2, 
r u l i n g out the p o s s i b l e r e d u c t i o n o f meta l s a l t i n t he 
present case. 
Reaction of the precursor [Co{(CgHc)3P}2Cl2] w i t h the 
reagents i s i n t e r e s t i n g in t h a t the f i n a l product i n both the 
cases does n o t c o n t a i n c o o r d i n a t e d (CgH5)3P r a t h e r an 
e q u i v a l e n t amount o f i t has been l i b e r a t e d o u t as f r e e 
(CgH5)3P (exper imental sec t ion ) y i e l d i n g b i s ( i m i d a z o l a t o ) -
c o b a l t ( I I ) . ( I I I ) and b i s ( 2 - m e t h y l i m i d a z o l a t o ) c o b a l t ( I I ) , 
( I_V ) . Assuming i m i d a z o l a t e m o i e t y as 4 e l e c t r o n donor 
( b e h a v i n g a s o - as w e l l as TZ d o n o r ) s i m i l a r t o t h a t 
i nd ica ted f o r amido moiety in t r a n s i t i o n metal amides, the 
e l ec t r on count suggests t h a t the coba l t ion in ( I I I ) and ( IV) 
a t t a i n s a share of 15 e lec t rons suggest ing t h a t ( I I I ) and 
( IV) are e l ec t r on d e f i c i e n t species. I t i s s u r p r i s i n g t h a t 
^^6^5^3^ ' ^ w e l l known s t a b i l i z i n g l i g a n d owing t o i t s 
s t rong TY -acceptor p roper ty , i s being t o t a l l y l i b e r a t e d out 
f r o m c o o r d i n a t i o n t o m e t a l i o n t h o u g h t h e l a t t e r i s 
e l e c t r o n i c a l l y not s a t i s f i e d i n v iew o f 18 e l e c t r o n r u l e . 
This f a c t has been f u r t h e r subs tan t ia ted by the observat ion 
t h a t the attempt to ob ta in (Co{ (CgHg )3P}^L2] (n=1 or 2) by 
reac t ing ( I I I ) and ( IV) w i t h appropr ia te amount of 
(CgH5)3P i n t e t r a h y d r o f u r a n l e a d s t o t h e i s o l a t i o n o f 
&^ 
u n r e a c t e d s t a r t i n g m a t e r i a l s . The ana logous compound b i s -
( h e x a m e t h y l d i s i l y l d i a m i n o ) c o b a l t ( I I ) , [ C o { N ( S i M e 3 ) 2 } 2 ^ > 
p r e p a r e d by B u r g e r e t a l . a l s o d i d n o t show c o m p l e x 
f o r m i n g a b i l i t y even w i t h a s t r o n g a- d o n o r . H o w e v e r , t h e 
r e a c t i o n o f L i N { ( C H 3 ) 2 S i ) 2 w i t h [ C o { ( C g H 5 ) 3 P } 2 C l 2 ] i s 
r e p o r t e d t o y i e l d t h r e e c o o r d i n a t e c o m p l e x 
[ C o { ( C g H g ) 3 P } N { ( C H 3 ) 3 S i ) 2 } 2 J ""^ w h i c h t h e m e t a l i o n has 
a c q u i r e d a share o f 17 e l e c t r o n s w i t h one mole 0'''(CgHc)3P 
r e t a i n e d and t h e 7^ - a c c e p t o r p r o p e r t i e s o f (CgHc )3P "^  ^ 
supposed t o p l a y an i m p o r t a n t r o l e f o r i t s s t a b i l i z a t i o n . 
These complexes are s e n s i t i v e t o a i r , t u r n i n g t o dark 
b lue s t i c k y l i q u i d s and are r e a d i l y s o l v o l y s e d by wa te r and 
a l c o h o l f o r m i n g p i n k s o l u t i o n s ( w i t h d e c o m p o s i t i o n ) . They are 
f a i r l y s o l u b l e i n CH2CI2 and THF. r 
Formation of b i s ( i m i d a z o l a t o ) c o p p e r ( I I ) , ( V ) ; b i s ( 2 - m e t h y l -
i m i d a z o l a t o ) c o p p e r ( I I ) , ( V I ) ; ( i m i d a z o l a t o ) b i s ( t r i p h e n y l p h o s -
p h i n e ) c o p p e r ( I ) , ( V X I ) ; ( 2 - m e t h y l i m i d a z o l a t o ) b i s ( t r i p h e n y l -
p h o s p h i n e ) c o p p e r ( I ) , ( V I I I ) ; c h l o r o ( i m i d a z o l a t o ) b i s ( t r i p h e n y l -
p h o s p h i n e ) c o p p e r ( I I ) , ( I X ) and c h l o r o ( 2 - m e t h y l i m i d a z o l a t o ) b i s 
( t r i p h e n y I p h o s p h i n e ) c o p p e r ( I I ) , ( X ) : Fo r t h e r e a c t i o n s o f 
anhydrous CUCI2 w i t h N - t r i m e t h y l s i 1 y l i m i d a z o l e and 
N - t r i m e t h y l s i l y l - 2 - m e t h y l i m i d a z o l e t h e p r o d u c t i n each case 
has been i d e n t i f i e d as [CUL2] , s u g g e s t i n g t h e rep lacement o f 
bo th t he c h l o r i n e s by i m i d a z o l a t e m o i e t i e s as shown be low: 
3 5 
CuClp +2(CH3)3Si -N 
R= H, (V) 
R= CH3, (\^I) 
R 
> CU--N 
N 
R 
+2(CH3)3SiCl . . . ( 3 4 ) 
The r e a c t i o n w i t h t h e p r e c u r s o r [ C u { C g H g ) 3 P } 3 C 1 ] 
p r o c e e d s w i t h t h e l i b e r a t i o n o f one mo le e q u i v a l e n t o f 
( C g H 5 ) 3 P r e s u l t i n g i n [ C u { ( C g H ^ ) 3 P } 2 L ] as an u l t i m a t e 
p r o d u c t . The e l e c t r o n coun t f o l l o w i n g t h e manner as shown 
above i n d i c a t e s t h a t t he c e n t r a l meta l i on i n (V) and ( V I ) 
a c q u i r e s 17 e l e c t r o n s i n i t s s h e l l w h i l e i n t h e complexes 
[ C u { ( C g H 5 ) 3 P } 2 L ] , ( V I I ) and ( V I I I ) t he meta l i on ga ins s t a b l e 
c o n f i g u r a t i o n w i t h share o f 18 e l e c t r o n s i n i t s s h e l l . The 
r e l e a s e o f o n l y one mole e q u i v a l e n t o f (CgHg)3P d u r i n g the 
c o u r s e o f f o r m a t i o n o f t h e p r o d u c t ( V I I ) and ( V I I I ) i s 
e x p l a i n a b l e i n v iew o f 18 e l e c t r o n r u l e and t h e r e a c t i o n may 
be t y p i f i e d as be low: 
[Cu{ (CgH5)3P}3C l ] + (CH3)3 Si - N 
[ (CgH5)3P]2 Cu - N 
N 
+ ( C R H C ) O P + (CH, )oS iC l . . . (35) 
-e^'B^s 3^3^ 
R = H, (V . I I ) R 
R = CH3 ( V I I I ) 
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The r e a c t i o n of CUCI2 w i t h (CgH5)2P i s known t o 
y i e l d i n v a r i a b l y a Cu ( I ) complex. However, i n t he p r e s e n t 
reac t ion c o n d i t i o n , i t has been performed in the presence of 
the reagent N - t r ime thy l s i 1y l im idazo le or N- t r imethy1s i 1 y l - 2 -
m e t h y l i m i d a z o l e . The f i n a l p r o d u c t i n e i t h e r case has t he 
s to i ch iomet ry [Cu{(CgHg)3P}2LC1 ] ; (D<) or (X ) . The phys ico-
chemical i n v e s t i g a t i o n s on the complexes v ide i n f r a agree 
w i t h a d c o n f i g u r a t i o n o f copper i . e . w i t h +2 o x i d a t i o n 
s t a t e con f i rm ing tha t the complexes (LX) and (X) are the 
genuine C u ( I I ) spec ies , s u g g e s t i n g t h a t t he i m i d a z o l a t e 
moiety p ro tec ts the reduct ion of metal ion presumably due to 
i t s s t rong A-donat ing c a p a b i l i t y . These complexes are so lub le 
in most of the organic so l ven ts , moisture sens i t iv ie and get 
so lvo lysed in water. 
The compounds have been c h a r a c t e r i z e d u s i n g v a r i o u s 
physico-chemical methods. The a n a l y t i c a l data (Tab le - I 
and I I ) are in agreement w i th the proposed s t o i c h i o m e t r i e s of 
the compounds. The e x p e r i m e n t a l l y d e t e r m i n e d m o l e c u l a r 
we igh ts ( T a b l e - I I ) suggest t h e i r monomeric n a t u r e i n the 
s o l u t i o n . The impor tan t c h a r a c t e r i s t i c i m i d a z o l a t e and 
^^6*^5^3^ r i ng v i b r a t i o n s as wel l as V (M-N) , V ( M - P ) and 
V(M-C1) s t r e t c h i n g v i b r a t i o n s manifested in the i . r . spectra 
of the var ious complexes have been summarized in T a b l e - I l l 
and IV . The c h a r a c t e r i s t i c i m i d a z o l e r i n g v i b r a t i o n s are 
s l i g h t l y s h i f t e d (10-20) cm" ^ f r om t h e i r p o s i t i o n s i n the 
3 T 
free imidazole, similar to those observed '-•"^ ^^ in the 
spectra of transition metal complexes of neutral imidazole 
as well as of the imidazolyl borate anion [BH^ .^ j Iz^3~. It 
can be seen from Table-IV that some of the characteristic 
bands of the imidazolate ring vibrations overlap with that 
characteristic of the (CgHc)^?, nevertheless, bands which 
are diagnostic for the presence of imidazolate and/or 
4 ? 1 ? R 
(CgHc;)3P i n the compounds are c l e a r l y i n d i c a t e d ' '•^°. A 
band at about 390 cm"'' i s a t t r i b u t e d to V (M-N) [ c f . V(M-N) 
i n i m i d a z o l e comp lexes a p p e a r s a t C^. 250 c m " ] . I n 
[M{N(SiMe3)2}2] (M = CO, In, Cd, Hg) t o o V ( M - N ) occu rs a t 
Ca.390 cm" ' ' , which has been a t t r i bu ted ^ ^^ ' ' '^"^ • ^ ®^ t o the 
a d d i t i o n a l A - d o n o r nature of the l i g a n d . The same may be t rue 
i n t h e p r e s e n t c o m p l e x e s . The i . r . d a t a t h e r e f o r e 
s u b s t a n t i a t e s t h a t the i m i d a z o l a t e mo ie t y i n t he p r e s e n t 
complexes, acts as a four e l ec t ron donor ( « r a n d A ) , The band 
of medium i n t e n s i t y at about 320 cm" a r i s i n g in (1) and ( I I ) 
is assigned to V(M-C1) s t r e t c h i n g v i b r a t i o n s . For the 
compounds (V11) - (X) the V ( M - C l ) v i b r a t i o n s are ind ica ted at 
the appropr ia te posi t i ons ' ' ^ ^ ' ' ' ^^ (Tab le - IV ) . 
The r e s u l t s of the e l e c t r o n i c s p e c t r a and magne t i c 
s u s c e p t i b i l i t y measurements are summarized in Table-V and V I . 
The e l e c t r o n i c spectra recorded in non-polar so lven ts are 
near ly i d e n t i c a l to the re f l ec tance spect ra of the s o l i d s , 
i n d i c a t i n g the ex is tence of s i m i l a r species in s o l u t i o n as 
wel l as in s o l i d s . The bands observed in CH2CI2 f o r ( I ) - ( I V ) 
8 8 
are reasonably assigned to the transitions characteristic 
of a linear arrangement of ligand around cobalt(II) 
• I R Q 
in D^-,^ h symmetry s i m i l a r to t h a t repor ted f o r gaseous 
C0CI2. The e l e c t r o n i c spectra in THF are , however d i f f e r e n t 
con ta in ing a band at 15,000 cm" w i t h a shoulder at 
C a . 1 7 , 0 0 0 cm~ a t t r i b u t a b l e t o d -d t r a n s i t i o n s i n a 
t e t r a h e d r a l geometry around c o b a l t ( I I ) i o n . This change 
f r o m l i n e a r i n t h e s o l i d and i n CH2CI2 s o l u t i o n t o 
t e t r a h e d r a l in THF s o l u t i o n may be due to coo rd ina t i on of THF 
in s o l u t i o n which does not seem uncommon in view of a s t rong 
donor capac i ty of THF . 
So lu t ions of ( I ) , (11 ) , (111) and ( IV) in methanol and 
ethanol give the c h a r a c t e r i s t i c pink co lour of the hexa aquo-
complex and t h e i r v i s i b l e s p e c t r a are c o n s i s t e n t w i t h an 
octahedral geometry f o r the so lvo lysed product . 
The o b s e r v e d m a g n e t i c moment v a l u e s f o r ( I ) - ( I V ) 
7 17? 
(Table-V) are cons is ten t w i th a high sp in d system . As 
has been suggested ear l ier^ '^^  '''®® •"" ^ ^ the l i gand f i e l d by two 
n i t rogens in a l i n e a r arrangements would not be la rge enough 
t o a l l o w t h e m i x i n g o f non d e g e h e r a t e e x c i t e d s t a t e s , 
r e s u l t i n g in a h igheryu^^^ from t h a t of the t h e o r e t i c a l s p i n -
only va lue. 
The broad .band appear ing a t . Ca.^  14,000 cm" . i n t he 
l igand f i e l d spectrum of b i s ( i m i d a z o l a t o ) c o p p e r ( I I ) , (V) and 
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bis(2-methy1 imiclazolato)copper( II), (yi) is assignable to the 
p p 2 2 
envelope of transitions A^^, B2q, £_ < ^iq character-
istic of square-planar geometry ^. The observed /i^ ff value 
q 
of 1.9 B.M. IS consistent with a d configuration of copper 
ion. 
The MQff values for (I_X) and (X) are somewhat higher 
from the calculated spin-only (S=1/2), as expected owing to 
the spin-orbit coupling contribution, however, the magnitude 
lies in the range normally observed for various copper(II) 
complexes . The electronic spectra show a weak broad band 
at C3_. 22,000 cm" , however, for regular tetrahedral 
copper(II ) complexes the region 10,000-20,000 cm" is 
reported to be blank. As there is no band in the 14,000-
16,000 cm" region characteristic of square-planar geomeiry 
and hence it may be deduced that the compound acquires a 
distorted tetrahedral array of ligand around Cu(II) ion. The 
main d-d band expected in the near i.r. region could not be 
recorded as it occurs beyond the range of our instrument. A 
regular tetrahedral geometry in view of the we'll known 
reasons ' is unjustified rather a flattening from 
regular tetrahedral geometry do occur in some cases. In the 
present complexes (DC) and (X) presumably the steric factor 
is predominating for adopting preferentially a tetrahedral 
structure ' . The present data rule out any possibility 
for the formation of a reduced Cu(I) species (cf. 'reaction of 
CUCI2 with (CgH5)3P invariably yields^^^ a copper (I) 
9 O 
complex). Furthermore, the products do contain one chlorine 
vide supra, even though the reagents were sufficient to cause 
the replacement of both the chlorines. Steric factor is 
presumably operative in restricting the further substitution. 
The same argument seems valid to account for the release of 
^^ 6*^ 5^ 3'^ ' from the reaction of [Cu {(CgHg )3P} 3CI ] with the 
reagents corroborating the reaction given by equation (35). 
In the absence of any spectral and magnetic data it can 
however, be assumed, in view of the analogy for the Cu(II) 
complex that (VII) and (VIJI) also attain a tetrahedral 
structure. 
Formation of chlorobis(imidazol ato)ruthenium(III) , (XI) ; 
Chlorobis( 2-methyl imidazolato) rutheni um( III) , ( XII) : ^ The 
reaction of N-trimethylsi 1ylimidazole/N-trimethylsi1yl-2-
methylimidazole towards anhydrous RuClo suspended in THF was 
apparently slow yielding a dark coloured hygroscopic solid 
which could not be recrystal1ized owing to its insolubility 
in normal non-polar organic solvents. It was soluble in 
methanol and tetrahydrofuran suggesting its oligomeric or 
polymeric nature. The results of elemental analyses for both 
the cases confirm the stoichiometry as [RuLpCl]^ 
(L=imida2olate or 2-methylimidazolate). The presence of one 
chlorine in the molecular unit suggest that like CoClp 
reaction with the reagents one chlorine is always retained 
9 1 
even though an excess of the reagent has been used to effect 
the total release of chlorine as (CH2)3SiCl. The electron 
counts in this case indicates that Ru(III) acquires a total 
of 15e~ in its shell. It is apparently an electron deficient 
as well as coordinatively unsatisfied and therefore prone to 
polymerization. The electrical conductivity measurements in 
DMSO indicate the non-electrolytic nature of the complexes. 
The nature of bonding and structure of the compound have been 
ascertained using magnetic susceptibility measurements and 
spectroscopic studies. Infra-red spectrum of the complex 
shows the characteristic ring vibrations R.| , Rg, R3, R4 of 
the coordinated imidazolate moiety at the expected ' 
positions [Table-VII]. The appearance of a doublet of medium 
intensity at 460 and 480 cm~^ is assignable to the "iXRu-N) 
stretching vibration [Cf. Ru-N generally appears at 463 cm" 
1 7 A 1 7 Q 
in Ru (III) complexes ]. The resonance coupling in the 
crystal lattice may be the cause of splitting of this band. 
The i.r. spectrum did not contain a band in 250-300 cm" 
region attributable to terminal "VCRu-Cl) vibration 
suggesting that the complex probably involves chlorine 
bridged polymerization. However, the bridging ))(Ru-Cl) 
Vibration is reported to occur below 250 cm which fall 
below the range of our instrument and hence could not be 
ascertained. However existence of ligand bridging through 
imidazolate nitrogens may also be a potential viability, 
9 2 
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which has been reported to be present in a number of bi-
and tri- nuclear imidazolate complexes with transition metal 
ions. 
The observed magnetic moment value of 1.60 B.M. for 
(XI) and 1.80 B.M. for (XH) (Table-VIII) is considerably 
lower from that theoretically expected for spin-only value of 
d system. This lowering in the observed y^ff value in some 
of the ruthenium (III) complexes by the previous workers has 
been interpreted in terms of the existence of the low 
1 ft 1 
symmetry l i g a n d f i e l d i n t he complex mo lecu le . The p r e s e n t 
complexes (X2) and ( X I I ) a re p o l y m e r i c i n n a t u r e wh ich may 
be i n v o l v i n g c h l o r i n e as w e l l as i m i d a z o l a t e b r i d g i n g and 
t h e r e f o r e t h e p o s s i b i l i t y o f t h e e x i s t e n c e o f a n t i -
f e r r o m a g n e t i c i n t e r a c t i o n c o u l d n o t be r u l e d o u t . The 
1 ft ? a n t i f e r r o m a g n e t i c i n t e r a c t i o n i s r e p o r t e d t o be 
pronounced i n presence o f c h l o r i n e and or l i g a n d b r i d g i n g i n 
t h e complex m o l e c u l e . 
The e l e c t r o n i c spec t rum o f t h e complexes ( X I ) 
and ( X I I ) e x h i b i t e d t h r e e w e l l d e f i n e d a b s o r p t i o n s a t 
370 (27 ,027 c m " ^ ) , 430 (23 ,255 cm""*) and 620 nm(16,129 cm~^) . 
These bands can be ass igned t o t hose a r i s i n g f r om l i g a n d t o 
meta l c h a r g e - t r a n s f e r bands as w e l l as d -d t r a n s i t i o n s . I t i s 
we l l , known . t h a t t h e i m i d a z o l e r i n g . i t s e l f does . .no t show 
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absorption bands above 240 nm. The U.V. visible spectrum of 
1 Q O 
RuCl o in LiCI-KCl eutectic melt is reported to exhibit a 
number of bands between 33,000 to 8,420 cm~ range which 
have been expressed in terms of ligand to metal charge-
transfer excitation as well as those arising from spin 
forbidden as well as spin allowed d-d transitions from the 
2q 9'"°'^'"'^  state of the metal ion. However, the complex 
[Ru(NH3)5 (IzH)3]''" is reported^^ to exhibit two bands at 360 
and 550 n.m., the latter one is suggested to be 
characteristic of ligand to metal charge-transfer excitation. 
In the electronic spectrum of the present complexes 
[RuClLg]^ (L = imidazolate (XI); 2-methylimidazolate (XII ) 
the band observed at 27,027 with an extinction coefficient 
of £ = 2600 is reasonably due to ligand ( 7T ) to metal 
(d 7T orbital) charge-transfer. The position of this ligand to 
metal charge-transfer band is at comparatively lower energy 
1 A"^  
from that reported in RuClg, itself, which may be ascribed 
to the 7ir-donor nature of the imidazolate moiety. The bands 
at 23,255 and 16,129 cm~^  are assignable (Table-VIII) 
o p p 
to spin allowed transitions "''iq' '^ iq ^ 2q ^^^ 
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T2q, Eq < '2q r e s p e c t i v e l y . The i m i d a z o l a t e and or 
c h l o r i n e br idged octahedral polymeric s t r u c t u r e as shown in 
f i g u r e ( X X I ) seems p l a u s i b l e i n v i e w o f t h e p r e s e n t 
i nvest i ga t ions . 
9 ^ 
R = H f o r (XI ) 
R = CH3 f o r ( X I I ) 
(F igure-XXI) 
Formation of t r is( imidazolato)bis( t r iphenylarsine)ruthenium 
( I I I ) , ( X I I I ) and t r is(2-methyl imidazolato)bis( tn 'phenyl-
a r s i n e ) r u t h e n i u m ( I I I ) , (X IV) : The product of the reac t ion of 
[Ru{ (CgHg I g A s l j C l g . MeOH} w i t h t he r e a g e n t s N.-tr i methy 1 -
s i 1y l imidazo le and N- t r ime thy l s i1y l -2 -me thy1 im idazo le , in 
each case, has been i d e n t i f i e d as [ Ru{ (CgHg)gAs}2L3] 
[L^ im idazo la te ( 'X I I I ) and 2-methyl imidazo la te (XIV) ] as is 
ev ident from a n a l y t i c a l (Table- VI) and physico-chemical 
data (Tab le -V I I and V I I I ) . Here a l l the th ree ch lo r i nes of 
the precursor have been s u b s t i t u t e d by the imidazo la te or 
2-methy l imidazo la te moiety. 
The c h a r a c t e r i s t i c bands o f t h e c o o r d i n a t e d MeOH 
usua l l y indicated""^^ as a s t rong band at 1000 cm" w i t h some 
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weak i n t e n s i t y bands i n 3500-3450 cm~ a re absen t i n t h e i . r . 
spec t rum o f t h e p r o d u c t s ( X I I I ) and (X IV) r u l i n g o u t t h e i r 
p o s s i b l e i n c l u s i o n i n c r y s t a l l a t t i c e o f t hese compounds. The 
b a n d s f o r i m i d a z o l a t e r i n g v i b r a t i o n s and c o o r d i n a t e d 
t r i p h e n y l a r s i n e ( T a b l e — V I I I ) a r e l o c a t e d a t t h e 
a p p r o p r i a t e ' p o s i t i o n s . The y ( R u - N ) s t r e t c h i n g 
v i b r a t i o n i n ( X I I I ) and (X IV) appear a t £ a . 480 cm" and the 
weak band t h a t a r i s e a t a r o u n d 330 c m " may be 
c h a r a c t e r i s t i c ^ ^ ^ o f D (M-As ) . 
The magnet ic moment v a l u e o f 2 .18 B.M. f o r ( X I I I ) and 
2 . 2 3 B . M , f o r ( X I V ) i s i n t h e r a n g e r e p o r t e d ^ ® ^ f o r 
o c t a h e d r a l R u ( I I I ) complexes w i t h T2q ground s t a t e . T h e i r 
e l e c t r o n i c s p e c t r a reco rded i n DMSO e x h i b i t e d f i v e a b s o r p t i o n 
maxima c e n t e r e d a t 330 (30 ,303 c m " ^ ) , 424 (23 ,584 c m " ^ ) , 592" 
(16 ,891 cm"""), 710 (14 ,084 cm""") and 770 nm (12 ,987 cm""") 
1 ft 1 183 
which are assignable ' to ligand ( TT ) > metal 
(d A ) charge-transfer excitation as well as arising from 
p 
spin allowed and spin forbidden d-d transitions from "^20 
ground state. It can be seen that ligand to metal-charge 
transfer transition depends only on the energy of,the donor 
ligand molecular orbital, as the tp orbital of the metal 
should essentially be non-bonding in the ground state. 
Considerable mixing between the d TT orbital on the metal and 
the TV-system of the ligand may occur similar to that has 
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been shown for a number o"^  r u then i um ( 11 ) pyridine 
1 84 
complexes . 
T h i s a s s u m p t i o n seems m e a n i n g f u l i n t h e p r e s e n t 
r u t h e n i u m ( I I I ) i m i d a z o l a t e c o m p l e x e s t o o . The m i x i n g o f 
l i g a n d and meta l -7\ o r b i t a l s has an i m p o r t a n t e f f e c t on t h e 
energy o f t he l i g a n d t o meta l c h a r g e - t r a n s f e r . D e p r o t o n a t i o n 
o f t h e s e r i e s o f t h e x a n t h i n e l i g a n d i s shown t o cause t h e 
p u r i n e r v - d o n o r ' e v t l t o s h i f t t h e e n e r g y o f t h e c h a r g e 
trans-i"er band t o 18,181 cm^ . T h i s s h i f t i s much h i g h e r i n 
energy i n t he p r e s e n t complexes [ c f . 27,027 f o r ( .X I ) . and 
30, 303 f o r ( X I I I ) wh ich may be a t t r i b u t e d t o an enhanced 
s t a b i l i z a t i o n o f t h e 7^ -sys tem i n t h e i m i d a z o l a t e m o i e t y 
r e l a t i v e t o t h e i m i d a z o l e i t s e l f . The o b s e r v e d bands a t 
h i g h e r w a v e l e n g t h ( l o w e r i n e n e r g y ) ( T a b l e - V I I I ) a r e 
reasonab l y ass igned t o s p i n a l l o w e d and s p i n f o r b i d d e n d-d 
t r a n s i t i o n s c h a r a c t e r i s t i c o f o c t a h e d r a l env i ronmen t around 
R u f l l l ) i on as i s shown i n f i g u r e ( X X I I ) . 
R R 
Y 
R = H ( X I I I ) 
R = CH3 (XIV) 
(CeH 
R 
(CeH 
5)3^5 
5)3^5 
A 
^ N U N Y 
H 
( F i g u r e X X I I ) 
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F o r m a t i o n o f b i s ( i m i d a z o 1 a t o ) b i s ( t r i p h e n y 1 p h o s p h i n e ) 
r u t h e n i u m ( I I I ) , (XV) and b i s ( 2 - m e t h y 1 i m d a z o l a t o ) b i s ( t r i -
p h e n y 1 p h o s p h i n e ) r u t h e n i u m ( I I ) , (XVI ) : The a n a l y t i c a l da ta 
( T a b l e - V I ) o f t h e p r o d u c t o b t a i n e d f r o m t h e r e a c t i o n o f 
[ R u { ( C g H 5 ) 3 P } 3 C l 2 ] w i t h ' t h e r e a g e n t s N . - t r i m e t h y l -
s i 1 y 1 i m i d a z o l e o r N - t r i m e t h y l s i l y l - 2 - m e t h y l i m i d a z o l e sugges t 
t h e s t o i c h i o m e t r y o f t h e p r o d u c t as [ R u { ( C g H c ) 3 P } 2 ' - 2 ^ 
( L = i m i d a z o l a t e , ( x y ) o r 2 - m e t h y 1 i m i d a z o l a t e , ( X V I ) . The 
r e a c t i o n may be t y p i f i e d as r e p r e s e n t e d by t h e f o l l o w i n g 
e q u a t i o n : 
[Ru{ (CgH5)3P]3C l2 ] + 2(CH3)3Si — N 
^ N 
R 
[ (CgH5)3P ]2Ru- | -N 
R 
N 
+(CgH5)3P + (CH3)3SiCl . . . ( 3 6 ) 
R = H (Xy) 
R - CH3 ( x y i ) 
I n t h i s r e a c t i o n t o o , b o t h t h e c h l o r i n e s a r e b e i n g 
r e l e a s e d as (CH3)3SiCl accompanied w i t h t he l i b e r a t i o n o f one 
mole e q u i v a l e n t o f f r e e (CgH5)3P [P lease see e x p e r i m e n t a l 
p a r t ] . The mode o f r e a c t i o n i s a p p a r e n t l y d i f f e r e n t f rom 
t h a t has been reco rded f o r [Co{ (CgHc)3P}2C1o) ] where a l l the 
c o o r d i n a t e d (CgH^)3P are l i b e r a t e d as f r e e (CgHc)3P ( v i d e 
s u p r a ) d u r i n g t~he c o u r s e o f t h e r e a c t i o n g i v i n g t h e 
s t o i c h i o m e t r y as [CoL2 ] - The e l e c t r o n coun t i n t h e complex 
s u g g e s t s t h a t R u ( I I ) i n t h e c o m p l e x (Xy_) and ( X V I ) has 
9 8 
a t t a i n e d a s t a b l e c o n f i g u r a t i o n o f 18 e~ i n i t s s h e l l . T h i s 
r e f l e c t s t h a t (CgHc)3P ^^^ more pronounced 7 t - a c i d i t y f o r 
R u ( I I ) r e l a t i v e t o C o ( I I ) . 
The i . r . s p e c t r a o f t h e c o m p o u n d s c o n t a i n b a n d s 
c h a r a c t e r i s t i c o f t h e i m i d a z o l a t e ' r i n g v i b r a t i o n s as 
w e l l as t h o s e a r i s i n g f r o m c o o r d i n a t e d t r i p h e n y l -
1 P 7 1 R'i 
p h o s p h i n e ' . The m e t a l - l i g a n d v i b r a t i o n s have been 
a s c e r t a i n e d f rom the s tudy o f t he s p e c t r a i n t h e f a r i . r . 
r e g i o n , which shows bands a t 400 and 320 cm" a s s i g n a b l e t o 
2; (M-N)'''^® and i ) ( M - P ) ' ' ^ ^ s t r e t c h i n g v i b r a t i o n s r e s p e c t i v e l y . 
The o b s e r v e d d i a m a g n e t i s m o f t h e compounds (X_V) and 
(XV I ) c o n f i r m s a h i g h s p i n d c o n f i g u r a t i o n o f t h e meta l i on 
w i t h +2 o x i d a t i o n s t a t e o f r u t h e n i u m i n an o c t a h e d r a l 
env i r onmen t o f t h e l i g a n d . 
The r e f l e c t a n c e spec t rum o f t h e complex shows o n l y one 
b r o a d band a t 16 ,129 cm" w h i c h can be a s s i g n e d t o t h o s e 
a r i s i n g f r o m m e t a l d(7T) t o l i g a n d 7 r * c h a r g e - 1 r a n s f e r 
e x c i t a t i o n . T h i s c h a r g e - t r a n s f e r t r a n s i t i o n a p p e a r s a t 
l ower energy i n t h e p r e s e n t complexes f rom t h a t r e p o r t e d 
f o r t h e Ru( : : i ) -amine complexes. 
I n v i e w o f t h e a b o v e o b s e r v a t i o n s an o c t a h e d r a l 
a r rangement o f l i g a n d i s proposed around R u ( I I ) i on as i s 
shown i n f i g u r e ( X X I I I ) . 
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INTRODUCTION 
Reactivity of (CH2)3Si- group in the reagents l±-
trimethylsilylimidazole/-2-methylimidazole towards C-Cl bond 
and for M-Cl bond too, is apparently due to the affinity of 
the (CH2)-;Si- group in these reagents for chlorine to form 
(CH3)3SiC1. It has been shown that this affinity is also 
exhibited in reagents like [(CH3)3Si]2X (X = S, Se or Te) 
which produced novel transition metal chalcogen clusters when 
reacted with derivatives like [M{(CgHg)3P}2C12] (M=Co or Ni). 
This chapter deals an extension of the investigation on 
the study of the, reactivity of the title reagents towards 
NiClj, PdClj, [PdClg.CCHjCNlg], [(n ^-CgHg){(CgHg)3P}Ni.I], 
[Ni{(C5H5)3p}2Cl2], [Pd{(CgHg)3P}2C13] and [Pt{(CgHg)3P}2C15] 
and the new compounds isolated have been characterized usi'ng 
the physico-chemical methods as have been described in 
chapter-II. 
1 1 O 
EXPERIMENTAL 
Reagents Used: 
Palladium chloride, platinum chloride, triphenyl-
phosphine (all S.R.L.), nickel chloride, acetic anhydride 
(both B.D.H., England), glacial acetic acid (Glaxo-India), 
acetonitrile (Riedal, Germany) all were commercial pure 
samples and used as received. [(^ -C5H5){(CgH^)3P}Ni.I] was a 
gift sample. The reagents N-trimethylsi1ylimidazole and 
N-trimethylsi1yl-2-methylimidazole were prepared as described 
in chapter-Ill. Solvents, ether, n-heptane, chloroform, 
dichloromethane, petroleum-ether ( pet.-ether ) , n-hexane, 
tetrahydrofuran (THF), benzene were dried before use. 
PREPARATION OF PRECURSORS: r 
Dehydration of NiCl2•eHjO^^^: NiCl2.6H20 (10.0 gm) was mixed 
with 60 ml acetic anhydride and heated in an inert atmosphere 
for 1 hr., filtered and dried in vacuo giving yellow coloured 
crystal 1i ne soli d. 
1 ft? Preparation of dichlorobis(triphenylphosphine)nickel(II) : 
A solution of NiClp.eHpO (1.19 gm, 5.0 mmol ) dissolved in 
minimum volume of water was diluted with 25 ml. glacial 
acetic acid, triphenylphosphine (2.62 gm, 10.0 mmol) taken in 
50 ml glacial acetic acid was added to the above solution. 
The olive green microcrystal1ine solid separated out of the 
mother liquor was left standing for 24 hrs., yielded dark 
1 1 1 
green crystals. It was filtered off, washed with glacial 
acetic acid and dried in vacuum desiccator. [M.pt 244-°C] . 
Preparation of [PdCl2(CH3CN)2]^^®: PdCl2 (0.355 gm, 2.0 mmol) 
was stirred with acetonitri1e. The colour of the solution 
changed to yellowish brown by the dissolution of PdCl2- It 
was then refluxed for 1 hr. The yellow solid was obtained 
when this yellowish brown solution was mixed with pet.-ether. 
1 "iQ 
Synthesis of [Pd{(CgH5^3P}2Cl2] - Melted tnphenylphosphine 
(1.69 gm, 6.0 mmol) was treated with palladium chloride (0.40 
gm, 2.25 mmol). The yellow product that was formed and the 
excess ligand were extracted with CHClo. The extract was 
then mixed with n-heptane, yellow solid precipitated out 
of the solution. The solid was filtered off, washed wj th 
n-heptane and dried in vacuo. [M.pt.298-300°C with" 
decomposition]. 
Preparation of [Pt{(CgH5)3P}2Cl2]^^^: Melted triphenylphos-
phine (1.6 gm, 6,0 mmol) was treated with platinum chloride 
(0.532 gm, 2.0 mmol). The light yellow product that was 
formed and the excess ligand were extracted in CH2C12- This 
solution was centrifuged to remove suspended particles. The 
solution was mixed with n-heptane producing colourless 
compound which was filtered off, washed with n-heptane. White 
crystalline solid was dried in vacuo [M.pt. 300-310°C]. 
1 1 2 
PREPARATION OF THE COMPLEXES: 
Reaction of N-trimethylsilylimidazole with anhydrous NiCl2; 
Preparation of the bis(imidazolato)nickel(II), (XVII): N-tri-
methylsi 1 yl imidazol e (0.70 gm, 5.0 mmol) diluted in 50 ml THF 
was added dropwise to NiCl2 (0.32, gm, 2.50 mmol) suspended 
in 150 ml THF with continuous stirring at room temperature 
under dry nitrogen atmosphere. When all of the reagent had 
been dropped, the reaction mixture was vigorously stirred for 
additional 1 hr. It was filtered off to remove the unreacted 
NiClp impurity and then vacuum dried, washed several times 
with pet.-ether to obtain amorphous solid. The crude was 
recrystallized from CH2CI2/n-hexane [M.pt. 190°C]. 
Reaction of N-trimethylsilyl-2-methylimidazole with anhydrous 
NiClg. Preparation of bis(2-methylimidazolato)nickel(II), 
(XVIII): NiCl2 (0.32 gm, 2.50 mmol) was suspended in 140 ml 
THF with continuous stirring, to which the reagent 
N-trimethy1 si 1y1-2-methyl imidazole (0.77 gm, 5.0 mmol) 
diluted in 50 ml THF was added dropwise at room temperature. 
A light green coloured solid immediately appeared in the 
solution. The reaction mixture was further stirred for 
£a. 2 hrs. The crude was recrystal1ized from CH2Cl2/n-hexane 
[M.pt. 200°C]. 
Reaction of {Ni{(CgH5)3P}2Cl2l with N-trimethyl-
si 1 yl imidazole affording bis(imidazolato) nickel(II), (XVII): 
The reagent N-trimethylsilylimidazole (0.56 gm, 4.0 mmol) 
1 1 3 
d i l u t e d i n 40 ml THF was d r o p p e d t o a s o l u t i o n o f 
[ N i { ( C g H g ) 3 P } 2 C l 2 ] ( 1 . 3 0 gm, 2 .0 mmol) i n 100 ml THF i n an 
a tmosphere o f d r y n i t r o g e n w i t h c o n t i n u o u s s t i r r i n g . An 
immediate change i n c o l o u r o f t he s o l u t i o n was observed f rom 
dark green t o l i g h t pea g r e e n . I t was vacuum d r i e d g i v i n g a 
green o i l y mass wh ich a f t e r s e v e r a l washings w i t h p e t . - e t h e r 
r e s u l t e d i n pea green m i c r o c r y s t a l 1 i n e s o l i d . The c rude was 
r e c r y s t a l 1 i z e d i n CH2CIp/n-hexane [ M . p t . 190°C] . The p e t , -
e t h e r w a s h i n g s on e v a p o r a t i o n g a v e c o l o u r l e s s 
m i c r o c r y s t a l 1 i n e s o l i d (Ca 1.0 gm i . e . 2 .0 mole e q u i v a l e n t o f 
t h e p r e c u r s o r ) w h i c h has been i d e n t i f i e d as (CgH5)2P f r o m 
M . P t . , i . r . and a n a l y t i c a l d a t a . 
R e a c t i o n o f [N i {CgHg)3P}2C12] w i t h N - t r i m e t h y l s i l y l - 2 - m e t h y l -
i m i d a z o l e a f f o r d i n g b i s ( 2 - m e t h y 1 i m i d a z o l a t o ) n i c k e l ( I I ) ,. 
( X V I I I ) : B i s ( 2 - m e t h y l i m i d a z o l a t o ) n i c k e l ( I I ) was o b t a i n e d 
f o l l o w i n g the same p rocedure as d e s c r i b e d above f o r ( X V I I ) by 
t a k i n g t h e reagen t N - t r i m e t h y l s i l y l - 2 - m e t h y l i m i d a z o l e (0 .61 
gm, 4 . 0 mmo l ) i n 40 ml THF and t h e p r e c u r s o r 
[ N i { ( C g H 5 ) 3 P } 2 C l 2 ] (1 .308 gm, 2 .0 mmol) d i s s o l v e d i n 100 ml 
THF. The g reen c o l o u r e d c r u d e mass was washed w i t h p e t . -
e t h e r and r e c r y g t a l 1 i z e d i n CH2CI2/n-hexane m i x t u r e [ M . p t , 
200°C ] . Here t o o the washings have a f f o r d e d f r e e (CgH5)3P i n 
q u a n t i t a t i v e y i e l d i . e . a b o u t 2 . 0 mo le e q u i v a l e n t o f t h e 
p r e c u r s o r . 
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Reaction of Cl -cydopentadienyl) (triphenylphosphine)nickel 
(Il)iodide with N-trimethylsilylimidazole; Isolation of 
bis(r\ -cydopentadienyl )bis ( /A -imidazolato)bis(triphenyl-
phosphine)d inickel (II), (X_LX): To a solution of 
[(r^^-C5H5){(CgH5)3P}Ni.I ] (0.35 gm, 0.70 mmol ) in THF 
(15 ml), the reagent N-trimethylsilylimidazole (0.09 gm, 
0.70 mmol) was added with stirring. The colour of the 
solution darkened and within few minutes microcrystal1ine 
dark coloured solid started appearing in the solution. Mother 
liquor was concentrated under vacuo, mixed with hexane and 
kept at 5°C for a few days. Dark violet mi crocrystal 1 i ne 
solid formed which was filtered off and dried in vacuo 
[M.pt. > 360°C]. 
Reaction of ( "H. -cydopentadienyl) (tri phenyl phosphi ne ) 
nickel(Il)iodide with N-trimethylsilyl-2-methylimidazole; 
Isolation of bis( y\ -cyclopentadieny 1 )bi s^-2-methyl imi-
dazolato)bis(triphenylphosphine)dinicke1(II), (XX): It was 
synthesized in the same manner as described above for 
the reaction of its imidazolate analogue. The reagent 
N-trimethylsi 1yl-2-methylimidazole (0.11 gm, 0.70 mmol) was 
added to a continuously stirred solution of the [(jl-CgHg) 
{(CgH5)3P} Ni.I] (0.35 gm, 0.7 mmol) in THF. The dark 
coloured solid was isolated as above [M.pt. > 360°C]. 
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Reaction of [PdCl2(CHoCN)2] with N-trimethylsilylimidazole; 
Formation of dichlorobis (/-i-imidazolato)bis(methylcyanide) 
dipalladium (II), (XXI): The suspension of [PdC12(CH3CN)2] 
(0.51 gm, 2.0 mmol ) in excess CHgCN was reacted with 
N-trimethylsilylimidazole (0.56 gm, 4.0 mmol). The colour of 
the solution that was initially yellowish-brown gradually 
changed to yellow. The reaction mixture was concentrated to 
one third of its original volume. Yellow coloured solid 
started appearing out of the solution which was isolated 
under inert atmosphere of dry nitrogen as described earlier 
[M.pt. 230°C with decomposition]. 
Reaction of [ PdCl 2 ( CH3CN ) 2 1 with N.-tri methyl s i 1 yl-2-
methylimidazole; Preparation of dichlorobis ( /^  -2-methyl-
imidazolato)bis(methylcyanide)dipanadium(II), (XXII): The., 
reagent N-trimethy1 si 1y1-2-methy1imidazol e (0.61 gm, 4.0 
mmol ) diluted in 20 ml benzene was added dropwise to a 
continuously stirred suspension of [PdCl2(CH3CN)2 (0.51 gm, 
2.0 mmol) taken in CH^CN. The yellow coloured solid compound 
obtained as above was filtered, washed with benzene and 
vacuum dried [M.pt. 2A5°C]. 
Reaction of [Pd{(CgHg)3P}2C12 1 with N-trimethylsi1y 1-
imidazole; Isolation of dichlorobis (yt< -imidazolato)bis 
(triphenylphosphine)dipanadium(II), (XXIII): [Pd{ (C5H5 )3P}2C1 2 
(0.10 gm, 0.14 mmol) was dissolved in 40 ml benzene and to 
this solution the reagent N-trimethylsilylimidazole (0.04 gm. 
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0.28 mmol ) has been added with continuous stirring. The 
colour of the solution immediately got intensified and 
microcrystal1ine solid started appearing out of the reaction 
mixture. The solution was dried in vacuo, light yellow solid 
that was isolated was washed with CH2CI2 to wash away the 
impurity of the unreacted starting materials and dried in 
vacuo. [M.pt. 225-230°C]. Washings were dried in vacuo giving 
0.037 gm of colourless crystalline solid [M.pt. 80°C] being 
identified as free (CgHg)2P (1.0 mole equivalent with respect 
to the precursor). 
Reaction of [Pd{ (CgH^ )3P} 2C1 2 1 with N-tr i methy 1 si 1 y 1-2-
methylimidazole , Preparation of dichl orobis-2-methy1i mi-
dazolato)bis(tripheny1phosphine)dipalladium(II), (XXIV): Jt 
was prepared in the same manner as described above for' 
rxxill) b/ reacting [Pd( (CgH^)3P}2C1g] (0.10 gm, 0.14 mmol) 
in 40 ml benzene with the reagent N-trimethylsi 1yl-2-methyl 
imidazole (0.05 gm, 0.30 mmol). In this case too, the product 
btained was washed with CH2CI2 and CHClg to wash away the 
reacted starting materials. The light yellow coloured solid 
was washed repeatedly with ether and both the washings 
(CH2CI2/CHCI3 and ether) were dried to give white shining 
crystals that was identified as free (CgHc)3P from its M.pt., 
i.r. and analytical data, which was equivalent to one mole of 
the precursor. The main product was dried in vacuo [M.pt. 
235°C.]. 
o 
un 
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R e a c t i o n o f [ P t { ( C g H 5 ) 3 P } 2 C l 2 ] w i t h t h e r e a g e n t _[!" 
t r i m e t h y i s i l y l i m i d a z o l e ; I s o l a t i o n o f b i s ( i m i d a z o l a t o ) 
b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I ) , (XXV): [P t fCgH^)3P}2C12] 
( 0 . 2 8 gm, 0.35 mmoT ) was d i s s o l v e d i n 20 ml CH2CI2 and the 
reagen t N - t r i m e t h y l s i 1 y l i m i d a z o l e ( 0 . 1 0 gm, 0 .70 mmol was 
added d r o p w i s e . Immed ia te l y w h i t e t u r b i d i t y appeared i n t h e 
s o l u t i o n . I t was f u r t h e r s t i r r e d f o r 2 h r s . Hexane (20 ml) 
was mixed t o t h e r e a c t i o n m i x t u r e t o enhance c r y s t a l l i z a t i o n 
and k e p t a t 5°C t e m p e r a t u r e f o r 24 h r s . w h i t e s h i n i n g 
c r y s t a l l i n e s o l i d appea red i n t h e s o l u t i o n . The s o l i d was 
washed f i r s t w i t h e t h e r and then w i t h CH2CI2 and d r i e d i n 
vacuo [ M . p t . 120°C] . 
R e a c t i o n o f [ P t { (CgHg)3P}2C1 2 ] w i t h N - t r i m e t h y l s i 1 y l - 2 -
m e t h y l i m i d a z o l e ; I s o l a t i o n o f b i s ( 2 - m e t h y l i m i d a z o l a ^ o ) 
b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I ) , ( X X V I ) : The reagen t N-
t r i m e t h y l s i l y l - 2 - m e t h y l i m i d a z o l e ( 0 . 1 2 gm, 0 .80 mmol) was 
a d d e d t o a c o n t i n u o u s l y s t i r r e d s o l u t i o n o f 
[ P t { ( C g H 5 ) 3 p } 2 C l 2 ] ( 0 . 3 1 gm, 0 . 4 mmol) d i s s o l v e d I n 40 ml 
CH2CI2. The w h i t e c o l o u r e d s o l i d o b t a i n e d as above was washed 
w i t h e t h e r and d r i e d i n vacuo [ m . p t . 128°C] . 
1 1 8 
RESULTS AND DISCUSSION 
R e a c t i o n o f N - t r i m e t h y I s i l y l i m i d a z o l e / N - t r i m e t h y l s i l y l - 2 -
m e t h y l i m i d a z o l e w i th anhydrous N iCl2 and [N i { (CgHg )3P}2C12 ] ; 
I s o l a t i o n o f b i s ( i m i d a z o l a t o ) n i c k e l ( I I ) , ( X V I I ) and b i s ( 2 -
m e t h y 1 i m i d a z o l a t o ) n i c k e l ( I I ) , ( X V I I I ) : R e a c t i o n s o f 
a n h y d r o u s N i C l p w i t h N - t r i m e t h y l s i l y l i m i d a z o l e o r N[-
t r i m e t h y l s i 1 y l - 2 - m e t h y l i m i d a z o l e have produced t h e p r o d u c t 
i d e n t i f i e d as [ N i L 2 ] ( L = i m i d a z o l a t e or 2 - m e t h y l i m i d a z o l a t e ) 
f r om i t s m o l e c u l a r w e i g h t and a n a l y t i c a l d a t a ( T a b l e - I X ) i n 
c o n f o r m i t y w i t h t h e r e p l a c e m e n t o f b o t h t h e c h l o r i n e s by 
i m i d a z o l a t e m o i e t i e s as shown be low. 
N iC lg + 2(CH3)3 Si - N 
P - H (XV'il) 
P = CH3 (XVIII) 
> Ni--N 
N 
-12 
+2(CH3)3SiCl 
. . . (36) 
R 
R e a c t i o n o f t h e r e a g e r : i t ( s ) w i t h t h e p r e c u r s o r 
[ N i { ( CgH,-) 3P} 2CI 2 ] has p r o c e e d e d w i t h t h e l i b e r a t i o n o f 
c o o r d i n a t e d (CgHg)2P as f r e e i n t h e s o l u t i o n ( E x p e r i m e n t a l 
S e c t i o n ) w i t h t h e f o r m a t i o n o f q u a n t i t a t i v e amoun t o f t h e 
p r o d u c t i d e n t i c a l i n n a t u r e t o t h a t o f ( X V I I ) o r ( X V I I I ) . The 
a n a l y t i c a l da ta .have c o n f i r m e d t h e s t o i c h i o m e t r i e s o f t h e 
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product as [NiL2]. The mode of reaction can be represented as 
shown by the following equation:-
[Ni{(CfiH.)-,P}pCl^] + 2(CHo)^Si - N 
'6'^ 5''3'^ 2^^  '2 3^3^ y^ 
--> Ni 
R 
N 
•-R 
y J2 
+2(CgH5)3P + 2(CH3)3SiCl (37) 
R = H ( X V I I ) 
R = CH3 ( X V I I I ) 
I t i s c o n s i d e r e d t h a t t h e n - a c c e p t o r p r o p e r t y o f 
coord inated (CgHr)3P in i t s complexes w i th t r a n s i t i o n metal 
ions usua l l y plays an important r o l e and i s assumed to be 
genera l l y opera t i ve in dec id ing the course of most of i t s 
r eac t i ons . However, in the present reac t ions using reagents 
N . - t r i m e t h y l s i l y l i mi d a z o l e / 2 - m e t h y l i m i d a z o l e , no such 
g e n e r a l i z a t i o n seems to f o l l o w . The e l e c t r o n count in [NiL2] 
cons ider ing the imidazolate moiety as four e l ec t r on donor, 
i n d i c a t e s t h a t N i ( I I ) has a share o f 16 e l e c t r o n s , an 
e l e c t r o n d e f i c i e n t compound. I t i s shor t of an e l e c t r o n pa i r 
and should have ra ther accommodated at l eas t one (CgHc)3P in 
the molecular u n i t to generate an e l e c t r o n i c a l l y s a t i s f i e d 
spec ies. 
All these complexes are soluble in most of the organic 
solvents. The experimentally determined molecular weights are 
quite in agreement with their monomeric nature in solution. 
Infra-red spectrum (Table-X) exhibits the characteristic 
1 2 O 
imidazole ring vibrations which are slightly shifted from 
their positions observed in free imidazole' . The 
absence of strong bands particularly at C_a. 500 cm in 
addition to other characteristic of (CgHg)3P in the complexes 
corroborates the mode of reaction as shown by equation (36). 
A band at about 390 cm" is due to V (M-N) stretching 
vibration, the position is at considerably higher energy 
compared to that reported'*^ in [Ni (IzH )g(C104)2] at 262 cm"'' 
which may be ascribed to the TT-donor nature of the ligand 
similar to that reported"" ^ "^ ' ^^ '^ ' ^^^ for [M{N(SiMe3 )2} 2] 
(M = Co, Zn, Cd or Hg) and [CoLCl] (L=imi dazol ate 
or 2-methylimidazolate]. 
The results of the electronic spectra and magnet-ic 
susceptibility measurements are summarized in Table-XI. The 
nature of electronic spectra recorded in non-polar solvents 
is identical to the reflectance spectra of the solids 
indicating the existence of the similar species in solution 
as well as in solids. The recorded band positions in the 
complexes (XVII) and (XVIII) are characteristic of a 
diamagnetic square-planar Ni(II) complex . However, the 
observed abnormal magnitude of /4g^ .p (Ca. 1.0 B.M.) favours 
some paramagnetism in the complex. The ground electronic 
state of Ni(II) complexes (singlet diamagnetic or triplet 
paramagnetic) is,.exceptional 1y sensitive to geometry and/or 
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t h e s t r e n g t h o f t h e l i g a n d f i e l d . The s q u a r e - p l a n a r 
n - i c k e l ( I I ) c o m p l e x e s a r e g e n e r a l l y c o n s i d e r e d t o be 
d i a m a g n e t i c ( s i n g l e t ground s t a t e A^ ) . However, t h e l i g a n d 
f i e l d t r e a t m e n t by B a l l h a u s e n and L i e h r s u g g e s t s t h ? c 
square p l a n a r c o n f i g u r a t i o n may be r e t a i n e d even i n t r i p l e t 
ground s t a t e . I t i s q u i t e p o s s i b l e t h a t [ N i L g ] i s b a s i c a l l y 
s q u a r e - p l a n a r w i t h A^ ground s t a t e bu t mixed w i t h or i n 
e q u i l i b r i u m w i t h some paramagnet i c s p e c i e s w i t h A^ ground 
1qn 1q1 
state. Precedence for such behaviour is known ' . A spin 
1 q o 
state isomerism^'- may also be visualized. In other words the 
energy levels of different multiplicities are positioned with 
kT of each other making the complexes near the magnetic cross 
over point whereby population of both states become equally 
probable. 
Reaction of [(q ^-CgHg){(CgHg )3P} Ni.I] witn tne reagent N-
trimethylsi 1 yl imidazole/2-methy 1 i mi dazole ; Isolation of 
bisCcyclopentadienyl)bis( yU -imidazolato)bis(triphenyl phos-
phine)dinickel(II), (XIX) and bisCcyclopentadienyl)bis 
(yW -2-methylimidazolato)bis(triphenylphosphine)dinickel(II), 
(.XX): The analytical data (Table-VI) of the products obtained 
from the reaction of [ ( Tl ^"CsH^ ) {(CgHg )3P}Ni . I ] with the 
reagent N[~trimethylsilylimidazole/2-methyl imidazole are 
compatible with, the stoichiometry as [ ( r]_ CgH^ ) {(CgH^ )2P}-
Ni.L]2 suggesting the reaction as following: 
1 2 
[ ( n - C5H5) { (CgH5)3P}N i .1 ] ^ (CH3)3Si 
[ (n^C5H5)(CgH5)3P} Ni - N 
N 
N 
+ (CH3)3S i I (38) 
R R = H (XIX) 
R = CH3 ()0<) 
The m o l a r c o n d u c t a n c e v a l u e s and t h e e x p e r i m e n t a l l y 
d e t e r m i n e d m o l e c u l a r w e i g h t ( T a b l e - I X ) o f t h e compounds (X IX) 
and ()0() a r e i n d i c a t i v e o f n o n - e l e c t r o l y t i c and d i m e r i c 
n a t u r e o f t h e complexes. I t i s e v i d e n t f rom t h e i . r . and H 
n . m . r . s p e c t r a l s t u d i e s ( T a b l e - X ) o f t h e compounds t h a t t he 
m o l e c u l e r e t a i n s t h e eye 1 open t a d i eny 1 r i n g as w e l l as t h e 
t r i p h e n y l p h o s p h i n e as c o o r d i n a t e d t o m e t a l i o n . 
C h a r a c t e r i s t i c i m i d a z o l e r i n g v i b r a t i o n s i n i . r . s p e c t r a are 
s l i g h t l y s h i f t e d f r o m t h e i r p o s i t i o n s i n t h e f r e e 
4 0 AQ— QA 
ligand ' . The •)) (M-N) stretching frequency appears at 
400 cm"'' , 
The H D.m.r. spectrum (Table-X) of the compounds 
contained a singlet at 4.08. with a number of multiplets 
spanning in 7.8-7.OS assignable to the protons of c^H^ ring 
and that of coordinated (CgH5)3P and imidazolate moiety 
respectively. 
The observed /-«eff ^^ ^^ '^ ^ O"^  3.4 B.M. for the complexes 
(Table-XI) is consistent with 2 unpaired spin of the d 
configuration of the ion . 
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The r e f l e c t a n c e s p e c t r u m e x h i b i t s a s i n g l e band a t 
1 7 , 0 0 0 cm~ ( T a b l e - X I ) i n d i c a t i v e o f a t e t r a h e d r a l 
env i ronmen t around n i c k e l ( I I ) . The e l e c t r o n i c spec t rum 
reco rded i n a c o o r d i n a t i n g s o l v e n t , DMSO, t h e o n l y s o l v e n t i n 
w h i c h t h e complex i s c o m p l e t e l y s o l u b l e ( g i v i n g v i o l e t 
c o l o u r a t i o n ) e x h i b i t e d s t r o n g bands a t 34,000 cm" , 17,000 
cm" w i t h a s h o u l d e r a t 30,000 cm" and a weak broad band a t 
11,000 cm" . The e x t i n c t i o n c o e f f i c i e n t £ o f t h e bands are 
g e n e r a l l y ve ry h igh ( 6 ^ 1 0 ) s u g g e s t i n g t h a t t e t r a h e d r a l 
s p e c i e s a re s t i l l p r e s e n t i n t he s o l u t i o n i n c o m b i n a t i o n 
w i t h t h e o c t a h e d r a l spec ies r e s u l t e d i n due t o c o o r d i n a t i o n 
1 7 S by DMSO s o l v e n t • S i n c e t h e c o m p l e x has a p a r t i a l 
s o l u b i l i t y i n t he n o n - c o o r d i n a t i n g s o l v e n t w h i l e c o m p l e t e l y 
d i s s o l v e s i n c o o r d i n a t i n g s o l v e n t s l i k e DMSO, CHgCN e t c . -
hence f o r t h f a v o u r i n g a d i m e r i c s t r u c t u r e r easonab l y t h r o u g h 
i m i d a z o l a t e b r i d g e s as g i ven be low. 
CsHst:; 
(C6H5)3P 
C5H5 
P(C6H5)3 
R= H (XIX) 
R = CH3 ()<X) 
( F i g u r e - X X I V ) 
1 2-4-
React ion of N - t r i m e t h y l s i l y l i m i d a z o l e / 2 - m e t h y l i m i d a z o l e wi th 
[ P d C l 2 ( C H 3 C N ) 2 ] and [ P d { ( C g H g ) 3 P } 2 C 1 2 ] ; I s o l a t i o n o f 
d i c h l o r o b i s ( « - i m i d a z o l a t o ) b i s ( m e t h y l c y a n i d e ) d i p a l l a d i u m ( I I ) , 
( X X I ) : d i c h 1 o r o b i s ( ^ - 2 -methy1 imidazo la to )b is (methy lcyan ide ) 
d i p a l ladium( I I ) , ( X X I I ) : dichlorobis<^-i imidazolato)bis( t r i -
phenylphosphine)d ipanadium( IT ) . ( X X I I I ) and d i c h l o r o b i s ( / ^ -
2 - m e t h y 1 i m i d a z o 1 a t o ) b i s ( t r i p h e n y l p h o s p h i n e ) d i p a l l a d i u m ( I I ) , 
( X X I V ) : The s u b s t r a t e [PdCl2•(CH3CN)2] o b t a i n e d i n - s i t u by 
r e f l u x i n g p a l l a d i u m c h l o r i d e i n CHoCN was r e a c t e d w i t h t he 
""eagents . N - t r i m e t h y l s i l y l - i r m d a z o l e / 2 - m e t h y l i m i d a z o l e . Ana-
l y t i c a l d a t a o f t h e p r o d u c t s o f t h e r e a c t i o n s a r e i n 
c o n - ^ ' o r m i t y w i t h t h e s t o i c h i o m e t r y as [ P d L C l . C H o C N ] ^ 
c o m p a t i b l e w i t h t he r e a c t i o n as f o l l o w i n g : 
[PdCl2. (CH3CN)2] + (CH3)3Si . / ^ y. 
R 
[CH3CN.C1-Pd' - N 
y 
R 
R = H (XXI ) 
R = CH3 ( X X I I ) 
] + (CH3)3 S iC l + CH3CN (39) 
The compounds a r e n o n - e l e c t r o l y t e i n n a t u r e and e x i s t i n 
d i m e r i c fo rm as ev idenced f rom the c o n d u c t i v i t y and m o l e c u l a r 
w e i g h t measurements ( T a b l e - I X ) . The presence o f CH3CN as w e l l 
as o f c h l o r i n e i n the c o o r d i n a t i o n sphere has been f u r t h e r 
v e r i f i e d f rom the i . r . s p e c t r o s c o p i c i n v e s t i g a t i o n o f t h e 
1 2 5 
compounds (vi de 1nfra). The electron count following the 
procedure described earlier suggest that the Pd(II) in 
[PdLCl.CHgCN]^ attains 16e~ in its shell. The central metal 
ion is apparently electronically as well as coordinatively 
unsatisfied, which become satisfied through bridging via one 
of the ligands similar to that known for a number of 
dimeric palladium complexes involving ligand and/or chlorine 
bridges. The physico-chemical data presented here favour 
imidazolate bridging in the complexes (XXI) and (XXII) . The 
• , r, spectrum (Table-X) exhibits a broad weak band in 2100-
?2C0 cm" region due to presence of coordinated CHgCN in the 
n''oiecule . The characteristic ring vibrations are observed 
at the appropriate positions ' . The far-i.r. region of 
the spectrum shows a doublet at 400, 430 cm" and a band of 
medium intensity at 360 cm" characteristic of V (Pd-N) and 
terminal l^(Pd-Cl) stretching vibrations ' respectively. 
The observed doublet for )) (Pd-N) may be arising due to the 
resonance splitting with the probable involvement of both the 
pyrrolic as well as pyridyl nitrogen in bonding or existence 
198 
of cis-isomer in the compounds or both. The appearance of 
band characteristic of terminal i) (Pd-Cl) vibration rules out 
the possibility of chlorine bridging in the complex. The 
dimeric formulation [PdLCl.CH^CN]2 involving imidazolate 
bridging between the metal ions seems plausible with the 
molecular representation as shown below in figure-XXV, 
1 2 6 
CH3CN 
R 
A 
vry CH3CN 
Pd 
CI 
R = H (XXI ) 
R = CH3 ( X X I I ) 
(F igu re -XXV) 
The a n a l y t i c a l da ta ( T a b l e - I X ) o f t h e p r o d u c t s o b t a i n e d f rom 
t h e r e a c t i o n o f t h e r e a g e n t s w i t h [ Pd { ( CgHr ) oP} pCI p ^  ^ ' ' ^ 
c o m p a t i b l e w i t h t h e s t o i c h i o m e t r y as [ P d C l L . ( C g H r ) 3 P ] ^ 
s u g g e s t i n g the mode o f r e a c t i o n as be low: 
[Pd { (CgH5)3p }2C l2 ] + (CH3)3 S i - N 
>^N 
R 
[ (CeH5)3P ClPd - N I ]+ (CH3)3SiCl+(CgH5)3P (40) 
R = H ( X X I I I ) 
R - CH3 (XXIV) 
The compound a r e n o n - e l e c t - r o l y t e i n n a t u r e and e x i s t i n 
d i m e r i c fo rm ( T a b l e - I X ) . Here t o o , t h e c e n t r a l meta l i on can 
be v i s u a l i z e d t o be c o o r d i n a t i v e l y and e l e c t r o n i c a l l y 
1 2 T 
d i s s a t i s f i e d f o r c i n g d i m e r i z a t i o n t h r o u g h , p r e f e r a b l y , 
i m i d a z o l a t e b r i d g i n g as ment ioned above f o r t h e complexes 
(XXI ) and ( X X I I ) . I n f r a - r e d s p e c t r a l s t u d i e s r u l e o u t t h e 
p o s s i b i l i t y o f c h l o r i n e b r i d g i n g i n t h e complexes because o f 
t h e appearance o f a band o f medium i n t e n s i t y a t about 360 
cm~ c h a r a c t e r i s t i c o f t e r m i n a l ^ ( P d - C l ) s t r e t c h i n g 
f r e q u e n c y . The c h a r a c t e r i s t i c i m i d a z o l a t e ' and 
t r i p h e n y l p h o s p h i n e r i n g v i b r a t i o n s ' have been observed 
a t t h e i r r e s p e c t i v e p o s i t i o n s t h o u g h some o f t h e m 
s u p e r i m p o s e d w i t h each o t h e r . The p o s i t i o n o f t h e m e t a l -
• " igand, )) (M-N) , bond s t r e t c h i n g f r e q u e n c y observed i n t he 
complex has been shown i n t a b l e - X . The m o l e c u l a r p r e s e n t a t i o n 
i n v o l v i n g i m i d a z o l a t e b r i d g i n g t o y i e l d d imer [PdLCl (CgHc)2p ]o 
i s shown i n f i g u r e XXVI: 
(C6H5)3P P(C6H5)3 
R = H ( X X I I I ) 
R - CH3 ( X X I V ) 
( F i g u r e - X X V I ) 
1 2 e 
The complexes are diamagnetic in nature as expected for 
d' configuration of metal ion in square-planar environment of 
ligands. The electronic spectrum obtained in DMSO shows three 
well resolved bands of nearly equal intensity (Table-XI) 
which can be explained in terms of square-planar geometry of 
the molecule assignable to those arising from three spin 
1 7 s 
allowed d-d singlet-singlet transitions . The transitions, 
in order of increasing energy are from low lying d-orbitals 
dxy (bpg); dz^ ^^1g^ ^^'^ ^xz' '"'yz ^®g^ ^° empty dx^ -y^ 
1 
"ig (b^ ) orbitals designated as Ap < ^lq' °1q ^ '^  
and E < A^ respectively. The bands corresponding to 
singlet-tripiet•transition usually expected at higher 
wavelengths i.e. 500-600 nm have not been observed in the 
present complexes, probably, they are very weak owing 
to the forbidden nature of the transition. It has been' 
pointed out ' that the two high energy singlet-
? ? ? 1 1 
singlet transitions i.e. dz > dx -y ( B^g< A., 
? ? 1 1 
and dxz, dyz >dx -y ( E < — A.|_) are dependent on the 
nature of the environment usually undergoing shifts while 
? ? 1 1 
dxy >dx -y (^2q^ 1q^ transition is least affected 
to an extent that the position remains unchanged. It can be 
seen from the (Table-XI) that the position of the band of the 
lowest energy transition is almost identical in all of the 
complexes i.e. (XXI), (XXII) and (XXIII). (XXIV). 
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R e a c t i o n o f [ P t { ( CgHg )- ,P} pC 1 2 ] w i t h t h e r e a g e n t s M" 
t r i m e t h y l s i 1 y l i m i d a z o l e / 2 - m e t h y l imi d a z o l e ; I s o l a t i o n o f 
b i s ( i m i d a z o l a t o ) b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( I I ) , (XXV) 
and b i s ( 2 - m e t h y l i m i d a z o l a t o ) b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m 
( 11 ) , ( X X V I ) : The p r o d u c t o f t h e r e a c t i o n o f 
[P t fCCgHg)2P}2C l2 ] w i t h t he reagen ts has been i d e n t i f i e d as 
[P t { (CgHg)2P}2L2 ] where L = i m i d a z o l a t e o r 2 - m e t h y l i m i d a z o l a t e 
i n v i e w o f i t s a n a l y t i c a l d a t a and m o l e c u l a r w e i g h t 
measurement ( T a b l e - I X ) which agree w e l l w i t h i t s proposed 
s t o i c h i c m e t r y . • The r e a c t i o n f o r i t s f o r m a t i o n may be 
r e p r e s e n t e d as be low: 
[P t { (CRH. )QP}pC lp ] + 2 ( C H ^ ) o S i - N 
'Q^^J3'-i2'^ '2 3^3^ :N 
/ ^ > 
P t - - N .2(CgH5)3P + 2(CH3)3SiCl . ( 4 1 ) 
R 
R - H (XXV) 
R = CH3 (XXVI) 
Both t h e c h l o r i n e s o f t he p r e c u r s o r have been s u b s t i t u t e d by 
the i m i d a 2 o l a t e / 2 - m e t h y l i m i d a z o l a t e m o i e t y . These compounds 
m e l t s h a r p l y w h i c h i n d i c a t e s t h a t t h e y a r e m o n o m e r i c i n 
n a t u r e , wh ich has f u r t h e r been c o n f i r m e d by c a r r y i n g ou t i t s 
m o l e c u l a r w e i g h t measurements. 
The i . r . spec t rum ( T a b l e - X ) o f t h e compounds (XXV) and 
(XXVI) shows i m i d a z o l a t e r i n g v i b r a t i o n s a t t h e i r a p p r o p r i a t e 
p o s i t i o n s ' * ^ ' ® ^ ~ ^ ' ^ . I t shows a l l t h e t h r e e modes o f t h e 
1 3 0 
vibration (q,r,t) of (CQHrj)^^ at their expected positions 
though they are slightly shifted from the position in free 
(CgHc)3P due to coordination to the metal ion. A band of 
weak intensity at 500 cm~ has been assigned to the metal-
198 
nitrogen stretching frequency i) (M-N) 
The c o m p l e x e s a r e d i a m a g n e t i c i n n a t u r e and t h e 
r e f l e c t a n c e s p e c t r a ( T a b l e - X I ) o f t h e c o m p l e x e s (XXV) and 
(XXVI) show t h r e e bands a t about 21,000 cm" ' ' , 25,190 cm~^ and 
2 7 , 0 0 0 cm" a r i s i n g f r o m t h e s p i n a l l o w e d d - d t r a n s i t i o n s 
2 2 
from the three low lying d levels to the empty dx -y 
orbital, ^29 <""" ^^Ig- ^^Ig < ^^Ig ^"^ ^ ^ g ^ — '^^ Ig 
17 5 
respectively in the square-planar geometry of the complex , 
The intense band observed at 35,015 cm" may be due to metal-
ligand charge-transfer excitation. 
On the basis of the above observations a square-planar 
arrangement of ligand around metal ion is proposed as shown 
below: 
R 
R 
H (XXV) 
CH3 (X)(VI) 
(Figure-XXVII) 
1 3 1 
I t can be seen f r o m t h e r e s u l t s o f t h e p r e s e n t 
i n v e s t i g a t i o n s t h a t t h e r e a c t i o n s o f N_-tr i m e t h y l -
s i 1 y l imidazole or N - t r ime thy l s i l y1 -2 -me thy l im idazo le w i th the 
t r a n s i t i o n metal precursors I^H^Q^P,)2^}o ^^p-' '^^^^^ M i s N i , 
Pd, Pt , proceeds w i th the l i b e r a t i o n of two, one or none mole 
e q u i v a l e n t o f f r e e t r i p h e n y l p h o s p h i n e i n t h e r e a c t i o n 
m i x t u r e . I t may be due t o the i n h e r e n t n a t u r e o f t he 
i n d i v i d u a l p recu rso r i . e . i t may be r e c a l l e d t h a t l i g a n d s 
s p e c i a l l / w i t h TX-bond ing n a t u r e l i k e (CgHg)2P e t c . i n 
square-planar Pt ( I I ) complexes e x h i b i t l a b e l i z a t i o n f o r the 
incoming nuc leoph i le in d i s p l a c e m e n t / s u b s t i t u t i o n reac t i ons . 
This behaviour i s leas t exh ib i t ed in P d ( I I ) ra ther of dismal 
existence (occurrence) in Ni ( I I ) complexes. I t i s tempt ing 
to suggest the present s ta te of a f f a i r i s probably due to 7\"-
acceptor ac t ion of t r ipheny lphosph ine which i s apparent ly 
more pronounced due to i t s l a b e l i z i n g e f f e c t i n Pt ( I I ) 
complexes. 
132 
01 
a. 
e 
o 
u 
o 
o 
r 
w 
e 
u 
I 
X e 
I o 
01 
u 
c 
u 
3 
•o 
c 
o 
c 
c 
<r 
CXI 
e 
u 
£ 1 
e i 
£ --I 
3 - o - a 
• c «-> 
O O 15 
3E: u . d 
-D 13 
C <J 
o ti 
^^ LL o 
2 3 - ^ 
o nj 
>« U. o 
•a T3 
c u 
X 3 -< 
O 15 
r^  u. o 
•o -a 
c "J 
3 --^  
O Ti 
Ix «J 
vn 
X 
01 
o 
CXJ C T 
i> o 
ru CO 
CO ^-
CO Ch 
eg cu 
en CO 
o «:r 
t o CO 
w 
N 
I M 
i 5 
w o 
at 
CO •^ 
O OJ 
ai w 
r-^  -0 
t> o 
CO O 
r^ «!• 
ru en 
o o 
ro o 
(> O 
«!• lA 
T- r-
W CVJ 
lO in 
<t -^  
n t 
o o 
CVI Ch 
-0 -0 
o o 
CO ro 
<i- m 
CO CO 
CO T-
r«- CO 
CO CO 
in lr^  nj o 
in o 
W CVI 
^f in 
tvi cvj 
in 
ro CO 
DJ 
N (-1 
0) 
X. 
z 
•^ o 
OJ CO 
in c> cu cu in 0- CO 0- CO 
cu CO cu cu o- o 
T- T- ^f «f ro »* 
o <r T- ru 
-0 <i 
o 
r^ o 
in -o 
CO CO CO 0~ 
-o -o in in iD in 
CO CO 
in in 
t -o 
•O -0 
r o i n c> ' t - r o « r «*•<»• o o r - c o 
<*•<!- T i n i n m cucu coco coco 
o -^  
«t <t 
CO CO 
-O 0- ^ «f «*• o CO CO in cu in CO -r-
eO CO 
O -O 0- O CO "* ru ru ru cu 
cu CO 
in in in in 
CO C> 
in in 
CU 
N 
z 
<^ 
a. 
CO 
in 
X 
-o 
u 
in 
X 
in 
c 
I 
in 
^ 
n 
01 
r 
a. 
ro 
in 
X 
-o 
o 
in 
X 
in 
I 
•> 
»-< 
X 
X 
> 
X 
X 
^^  
•H 
> 
X 
X 
cu 
n 
z 
cj 
CO 
X 
u 
CL 
CU 
n 
Z 
n 
X 
cj 
a 
.^  
N 
l-l 
01 
£ 
•O 
CU 
ru 
n 
in 
X 
>0 
CJ 
N 
13 
a. 
Ul 
cu 
n 
Q. 
in 
X 
cj 
4^ 
OJ 
r 
CJ. 
a. 
ro 
in 
X 
>0 
o 
cu 
cu 
H 
•J 
OL 
a-
T- CU 
cu cu 
O T-
cu cu 
^ cu 
ru ru 
-p- ru 
cu ru 
ru •51-
-0 -o 
^ in 
<t Ch 
O 0-
vn in 
a. 
ro 
In 
X 
o 
CJ 
ru 
ru 
N 
01 
J35 
I 
'in 
=5= 
^ i :^  
t I r 
CO 
a: 
o 
i 
u-i 
u is 
« «o 
iliig: 
S ^ i 
^ 
i 
O 
in 
> n 
8 
2 
r ^ 
8 
O 
CXJ 
s 
o 
m 
21 
r ^ 
n CVl 
»—t 
5 
•" 
a . 
5^  
^ C_3 
V,-* 
-~-dp 
'^ f^  
•^P* 
a . 
5^  o C-> 
v.-* 
.—fc 
JT 
'T 
•^e 
s 
CO 
si 
CVI I 
s 
5 
3 
C O 
^ CVI 
evi ' 
i 
J 
cu 
U-1 
i 
i 
8 ^ 
g o o S S S 
n j 
n 
z ' t^ j 
ac C J 
•~* 
Cvj 
r-i 
5^ 1 
Tn 
:r^ 
•o 3C 
U 
a. 
i 
s 
i 
CO 
8 
- r« 
ifi m 
•^ r-~ ro 
u-i 
SC3 
S 
i n 
a. 
C O 
CO 
( J 
cu 
f 
CVJ 
J34 
X 
I 
LJJ 
z^  T 
c 
o 
• J 
u 
HI 
0) 
•o 
c 
01 
at 
u 
c 
t 
*j 
u • 
at ut 
r-< • J 
' ^ C 
Hi 01 
k- E 
c 
en 
lu -^ 
x: i/i 
<-> in 
TJ 
c 
"^  k. 
•1-4 
at £ 
> . J 
k. 
01 -a 
JQ rg 
o 
wi 
ft 
X 
ft 
ex 
e 
o 
•a o 
nj 
• a k. 
'-t «-» 
ft u 
• •H O l 
«»- o . 
• a 
c 
t 
c 
•0 
r 
a 
00 
ft 
3 . 
C 
ft 
s 
c 
in 
in 
<Z 
c c 
O ft 
• J U 
c «.. ^ 
• w «». 
«-> ft 
X O 
u u 
c 
o 
• J '-« 
i n i 
o e 
a. u 
• a 
c 
nj 
QQ 
<*- • 
ft • 
a.cQ 
in 
ft 
X 
ft 
I—( 
CL 
e 
o 
o< 
T -
1 1 
1 1 
V V Oi en 
r- W 
m <i 
1 
1 
V 
en 
ru 
<z 
- r- n 
O l 
T " 
<x 
1 1 1 
1 1 1 
V V V 
en T i OI 
•«- cvi cu 
m <r <r 
T- T- n 
T~ 
(-CO 
1 
V 
a. 
-^^  
^ 1 -
to 
• 
• J 
• 
u 
Cn 
CiJ 
<I 
n 1 1 1 1 
V 1 
•"^ 1 
a. 1 
• ^ V 
W CTi 
T— T -
H- 1-
V 
en 
w K 
n n CO 
T -
h-
tn 1 
1 
a. 
• • ^ 
^ h-
n 
• 
<-> 
• 
u 
en 
OI 
M 
1 1 1 1 1 1 
V 1 1 
• '^ t 1 
a. 1 1 
—' V v 
en en 
• ^ • « - C 
K 1- t-
n CO n 
o o o 
o o o 
in n in 
a - CO ' ^ i -
OJ Cvj 'T-
o o o 
O O CO 
CO CO a i 
o CO «* 
CO CU -^ 
c^ 
n 
cy 
z 
L_l 
cu 
CVJ 
1^ 
CXJ 
h-
r^  
•"t 
CO 
T -
< l 
o 
o in 
cu 
1 -0 
r— 
cu 
o o o 
o o o 
CO in o 
O CO « * 
n cu V-
o o o 
in cu * 
CO ^ •^ 
o o o o o 
o o o o o 
o o o o o 
O CO * 
CO cu ^ 
h- «f O t^ 
'^ CO r o r -
CO 
n 
cu 
ft 
z 
i_i 
M 
X 
CU 
n 
N 
2 
rS 
a. 
CO 
in 
X 
o 
in 
I 
in 
I 
in 
CO CU 
^ CO in in 
CU 
o «»• o r-
o »- o in 
o r«^  CO CO 
1^  in o N 
^ CO CO -^ 
in 
CO 
X 
X 
cu 
n 
ft 
2 
( ^ 
Q. 
n 
in 
X 
•03 
O 
in 
o 
I 
in 
135 
c 
£ C 
c c 
o a 
u -^ 
X o 
c 
o 
o e 
Q. u 
c 
ITI 
CQ 
HI ' 
• D 
•> -> 
C 
o 
u 
1—1 
X 
1 
Hi 
1—t 
J 3 
Hi 
K 
U1 
a< 
X 
a> 
r - 4 
a. 
E 
o 
u 
I 
ZT< V 
CVI • < - C71 
<r m ui 
i n <*• < i 
i> i> r^ 
«* DJ N 
"^ (O rv. 
r-> cu N 
in eg N 
M n w 
en 
W 
n 
Z 
u 
n 
X 
N 
T3 
Q . 
U 
ru en 
I I I 
I I I 
V V I 
en cn V 
d j T- a . 
<r ixi Lu 
I 
I 
^ ca ill 
I 
I 
V ' en en 
cn T- CU 
LU CD <r 
1 
I 
V 
I 
I 
I 
en en 
en T- CU 
LU CQ CC 
0 - « f CW 
T- T- O 
w cu rg 
CO ru o 
r^ fv < i "^ O M o o o 
M M n 
I I I I 
O CO 
r^ cvi 
o 
* n in 
r- ^ r-
N W CI 
•O O O O O- -r-
r«- T- -o 
g o o o Q O O 
T- O T- O 
n CO g 
n T- $ 
t^ r- o 
in w r>. 
« n C1J in oi -o en n w 
in cvj h-
en M ru 
I 
o 
• a 
I 
I 
o 
-o 
I 
I 
o 
I 
in N in T-
cn ru ru ru 
I 
D 
•o 
I 
" t N in 
ro cu cu 
I 
o 
•o 
I 
CXJ 
OJ 
I 
u 
N 
M 
01 
T: 
•a 
a. 
u 
CXI 
n 
CL 
en 
in 
X 
o CJ 
^ • ^ 
• 
f—1 
u 
---4^ 
M 
*^r 
•a CL 
u 
cu 
n Q. 
tn 
— • 
: r 
< i 
u N ^ 
• i -H 
CJ 
. ^ s 
N 
M 
01 
r 
• » « ^ 
•o CL 
u 
n 
'In 
X 
-0 
o 
ru 
ru 
N 
0. 
u 
a. 
In 
X 
o 
o 
N 
•H . 
01 
a. 
LJ 
-o 
0) 
> • 
o 
C 
3 
05 
C 
o 
m 
c 
01 
Q. 
c 
Hi 
> 
' tH 
cn 
C 
o 
o 
. 1/1 
cni 
5? 
,<so X — 
u X 
c 
- " * N 
uiru 
CO-
o • 
• M O 
+-> 11 
•rH • 
u i r 
o • 
Q-oa 
C H A R T E R — V 
S T U D Y O F R E * V C T I O N S O F M — T R I M E T H Y L S I L Y U I M X D / V Z O L E 
A N D J s | - T R I M E X H Y S I I _ Y L — 2 — M E X H Y L I M I D A Z O L E T O W A R D S 
A N H Y D R O U S M E T A L O H L O R I D E S A N D T H E I R D E R I V A -
T I V E S ; S Y N T H L S I S A N D C H A R A C T E R I Z A T I O N O F 
B I S ( I M X D A Z O U A T O ) D I A L K Y L T I N C X V > A N D C O V A L E N T 
T I N C I I > I M I D A Z O L A T E S A S W E U U A S T H E M I X E D 
L I G A N D I M I D A Z O L A T E S O F S n C 3 ; V > , 3 n C 1 1 > » Z n i C H > -
O d C I I ) A N D H a C I I > , I O N S 
1 3 e 
INTRODUCTION 
Organot in( IV) compounds con ta in ing cova len t l y bonded 
N-der i va t i ves s p e c i a l l y t h a t w i t h l i n e a r amido group have 
been the sub jec t of considerable i n v e s t i g a t i o n s dur ing the 
l a s t two decades or so. The r e a c t i v i t y of such d e r i v a t i v e s 
towards n u c l e o p h i l i c reagents l i k e CS2, (^5^15)3?, RNCS e t c . 
has been i nves t i ga ted ' by previous workers and i t has 
been concluded t h a t i n m a j o r i t y o f t he cases i n s e r t i o n 
between Sn -N bonds takes place under normal c o n d i t i o n s . 
Compara t i ve l y , l ess i n t e r e s t has been shown towards t he 
p repara t ion of o rganot in ( IV) d e r i v a t i v e s i nco rpo ra t i ng 
7T-de loca l ized N-heterocycles s p e c i a l l y imidazole or i t s 
2-methyl d e r i v a t i v e , which are now w e l l r e c o g n i z e d as 4e~ 
donor ( t h r o u g h a d d i t i o n a l n - d o n a t i n g c a p a b i l i t y ) . N-
t r i a l k y l t i n and N - t r i p h e n y l t i n - d e r i v a t i v e s o f p y r a z o l e , 
im idazo le or t r i a z o l e have been p r e p a r e d i n t h e p a s t by 
u t i l i z i n g the condensat ion o f t h e a z o l e s w i t h b i s ( t r i -
b u t y l t i n ) o x i d © , b is ( t r i m e t h y l t i n ) o x i d e or b i s C t r i p h e n y l t i n ) 
p rj c 
ox ide as the on ly s u i t a b l e r o u t e . Ano the r p r e p a r a t i v e 
method u t i l i z i n g the 1,3 d i p o l a r c y c l o a d d i t i o n of 
t r i - n - b u t y l t i n a z i d e to d i e t hy l ace t y l ene d i ca rboxy la te has 
a l s o been d e s c r i b e d i n t h e l i t e r a t u r e . The 
condensat ion r e a c t i o n s as w e l l as the 1 , 3 - c y c l o a d d i t i o n 
process have a lways, produced t he t r i a l k y 1 1 i n ( I V ) or 
t r i p h e n y l t i n ( I V ) d e r i v a t i v e s i . e . RgSnIz as t h e m a j o r 
p roduc t . A l l o f these s y n t h e t i c procedures, however, could 
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not prove success f o r the p repara t ion of the corresponding 
R2Snl22 d e r i v a t i v e s ra ther RjSnIz i s always obta ined as the 
u l t i m a t e product . One of the foremost reasons could be the 
decomposit ion of the extremely moisture s e n s i t i v e R2SnIZ2 to 
i t s h y d r o l y t i c a l l y s tab le R3Snl2 analogue. Furthermore, the 
c h e m i s t r y o f c o v a l e n t t i n ( I I ) compounds has been 
comparat ive ly less explored area of research. There are only 
a few wel l charac te r i zed cova lent t i n ( I I ) compounds. This i s 
c o n s i d e r e d t o be due t o t h e i m p o s i t i o n o f t h e low 
coo rd ina t i on number of two, p rov id ing s i x ra the r than e i gh t 
valence e l e c t r o n s , making these molecules e l e c t r o n d e f i c i e n t . 
These molecules a r e , t h e r e f o r e , s u s c e p t i b l e t o a s s o c i a t e 
un less prevented by the use o f b u l k y s u b s t i t u e n t ' . 
Some of these compounds have been charac te r i zed in the recent 
211-?13 pas t , using X-ray c r y s t a l s t r u c t u r e de termina t ion . 
W i t h s m a l l e r o r g a n i c s u b s t i t u e n t l i k e t h a t i n 
b i s ( d i m e t h y l a m i d o ) - t i n ( I I ) , the assoc ia t i on i n t o a dimer has, 
r e c e n t l y , been conf irmed . The use of l i n e a r amido groups 
( s i m p l e r or bu l ky ) has i n genera l been e x p l o i t e d f o r t he 
p repara t ion of covalent t i n ( I I ) d e r i v a t i v e s . However, no 
at tempt has so f a r been made to exp lore the use of N-
he te rocyc les . I t i s ev ident form the prev ious chapters t h a t 
|N [ - t r ime thy ls i l y im idazo le and N . - t r i m e t h y l s i 1 y 1-2-methy 1 -
i m i d a z o l e i s a p o t e n t r e a g e n t f o r t h e p r e p a r a t i o n o f 
monomeric moisture s e n s i t i v e t r a n s i t i o n metal imidazo la tes 
w i t h covalent M-N bonds. This chapter descr ibes the syntheses 
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and characterization of a few organotin(IV) imidazolates, 
mixed ligand imidazolates and tin(II) imidazolates. Reactions 
of the reagents towards [Zn{(CgH5)3P}2Cl2]. [Cd{(CgHg)3P}2C12] 
and [Hg{(CgH5)2P}2Cl2] have also been examined and described 
in this chapter. 
1 3 9 
EXPERIMENTAL 
Reagents Used: 
A l l t he reagen ts used were c o m m e r c i a l l y pure samples , 
d i m e t h y l t i n d i c h l o r i d e ( E . M e r c k ) , t r i p h e n y l p h o s p h i n e ( S . R . L . , 
I n d i a ) z i n c c h l o r i d e ( E . M e r c k ) , cadmium c h l o r i d e ( L o b a ) 
m e r c u r i c c h l o r i d e ( E . M e r c k ) , p y r i d i n e N - o x i d e ( B . D . H . , 
Eng land) i o d i n e ( B . D . H . , England) have been used as r e c e i v e d 
e x c e p t i n g S n C l p - S H p O ( B . D . H . , E n g l a n d ) w h i c h was 
215 dehydrated before use. T n b e n z y l t i n c h l o n d e was prepared 
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and recrystal1ized as reported elsewhere . N-trimethyl-
silylimidazole and N-trimethylsilyl-2-methylimidazole were 
prepared as has been described in chapter-Ill. Solvents, 
tetrahydrofuran, benzene, n-hexane, ether, etc. were dried 
before use. 
PREPARATION OF THE PRECURSORS: 
Dehydration of SnCl2•2H20^^^: SnC12•2H20(5.Ogm) was 
dehydrated by refluxing it in acetic anhydride for 3 hrs. 
The reaction mixture was filtered, washed 2-3 times with 
ether and dried in vacuum desiccator. 
Preparation of tribenzyltinchloride : Tin powder(15.0 gm) 
was added in 40 ml 105K NaOH solution in a stoppered flask 
and vigorously shaken for about 10-15 minutes. The powder 
was washed by decantation with water until each washing of 
1 - ^ t - / 
water shows no alkalinity to litmus paper then washed it with 
methanol, dried and crushed to fine powder. 
A mixture of 9.0 gm of purified tin powder and 75 ml of 
water was vigorously shaken in a flask. The reaction mixture 
was heated to boil then 9 ml benzyl chloride was added 
dropwise over a period of 3-4 mts. Refluxed it for 2-3 hrs. 
and the solid obtained was filtered off and air dried. This 
solid was extracted with hot ethyl acetate and filtered in 
hot condition. Filtrate was collected and evaporated at room 
temperature. The crude was recrystal1ized from hot glacial 
acetic acid and air dried [M.pt 140°C]. 
Preparation of dichlorobis(triphenylphosphine>2inc(II), 
[ZnlCCgHgllgPjjClg]^^^: Anhydrous zinc chloride (0.68 gm, 5.0 
mmol ) was dissolved in ether(50 ml) and it was added to the 
triphenylphosphine(2.62 gm, 10.0 mmol) in dry benzene. 
Colourless shining crystalline mass started to come out of 
the solution. The solid was filtered and dried in air 
[M.pt.295°C]. 
Preparation of dich1orobis(triphenylphosphine)cadmium(II), 
[Cd{(CQH5)3P}2Cl2]^^®: Triphenylphosphine(2.62 gm, 10.0 mmol) 
was dissolved in hot ethanol (100 ml) and cadmium chloride 
(1.0 gm, 5.0 mmol) dissolved in hot ethanol (50 ml) was 
added to it. On cooling colourless crystals appeared, 
filtered and washed with alcohol, dried in air [M.pt.245°C]. 
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Preparat ion of d ich lorob is( t r ipheny1phosphine)mercury( I I ) , 
[Hg{(CgH,-)3P}2Cl2]^^®: Mercuric c h l o r i d e ( 1 . 3 gm, 5.0 mmol ) 
was d i s s o l v e d i n h o t a l c o h o l ( 5 0 m l ) and 
t r i p h e n y l p h o s p h i n e ( 2 . 6 gm, 10.0 mmol) d i s s o l v e d i n ho t 
a l c o h o l ( 1 0 0 ml) were r a p i d l y m i x e d . C o l o u r l e s s s h i n i n g 
c r y s t a l s of d i ch l o rob i s ( t r i pheny lphosph ine ) me rcu ry ( I I ) were 
s e p a r a t e d and d r i e d i n a i r [ M . p t . 2 7 3 ° C f o l l o w e d by 
decompos i t ion ] . 
PREPARATION OF THE COMPLEXES: 
R e a c t i o n o f d i methy 11 i n d i chl o r i de w i t h N. - t r i m e t h y l -
s i l y l i m i d a z o l e ; I s o l a t i o n of b is ( i m i d a z o l a t e ) d i m e t h y 1 1 i n 
( I V ) , (XXV I I ) : : The reagent N - t r i m e t h y l s i l y l i m i d a z o l e ( 0 . 5 6 
gm, 4.0 mmol) in hexane(10 ml) was dropped t o a s o l u t i o n of 
d i m e t h y l t i n - d i c h l o r i d e ( 0 . 4 4 gm, 2.0 mmol) in 40 ml hexane 
w i t h s t i r r i n g a t room t e m p e r a t u r e under d r y n i t r o g e n 
atmosphere. The r e a c t i o n m i x t u r e was s t i r r e d f o r an h r . 
y i e l d i n g c o l o u r l e s s p o l y c r y s t a l 1 i n e mass wh ich was kep t 
overn igh t at 5°C to ensure complete separat ion of the mass 
from the mother l i q u o r . I t was f i l t e r e d o f f , washed w i th n-
hexane and d r i ed in vacuo and r e c r y s t a l 1 i z e d from CHgClg/n-
hexane [M.p t .68 -70°C] . 
Reaction of d i m e t h y l t i n d i c h l o r i d e with N - t r i m e t h y l s i l y l - 2 -
methy l im idazo le ; I s o l a t i o n o f b i s ( 2 - m e t h y l i m i d a z o l a t o ) 
d i m e t h y l t i n ( I V ) , ( X X V I I I ) : : The reac t ion was performed in the 
same way as descr ibed above f o r (XXVII) by t ak ing the reagent 
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N- t r ime thy l s i l y1 -2 -me thy l im idazo le (0.61 gm, 4,0 mmol) in 
15 ml hexane and dropp ing i t t o a s o l u t i o n o f d i m e t h y l -
t i n d i c h l o r i de (0 .44 gm, 2.0 mmol) w i t h s t i r r i n g i n 30 ml 
hexane. White m ic roc rys ta l1 ine mass thus obta ined was washed 
w i th hexane, d r i ed in vacuo and r e c r y s t a l 1 i z e d from CH2CI2/ 
n-hexane mix ture [M .p t .84°C] . 
R e a c t i o n o f d i b u t y l t i n d i c h l o r i d e w i t h N _ - t r i m e t h y l -
s i l y l i m i d a z o l e ; Formation of b i s ( i m i d a z o l a t o ) d i b u t y l t i n ( I V ) , 
(XXIX): To a s o l u t i o n of d i b u t y l t i n d i c h l o r i d e (0.61 gm , 
2.0 mmol) i n 60 ml hexane the r e a g e n t N.-1 r i methy 1 s i 1 y 1 -
i m i d a z o l e ( 0 . 5 6 gm, 4 . 0 mmol) was added d r o p w i s e w i t h 
cont inuous s t i r r i n g . The reac t ion mix ture was s t i r r e d fo r 
Ca• 3 h rs . and the r e s u l t i n g s o l i d was f i l t e r e d o f f , washed 
w i t h hexane and d r i e d in vacuo g i v i n g a v e r y h y g r o s c o p i c 
s o l i d [M .p t .64°C ] . 
React ion of d i b u t y l t i n d i c h l o r i d e with N - t r i m e t h y l s i l y l - 2 -
m e t h y l i m i d a z o l e ; I s o l a t i o n of b i s ( 2 - m e t h y 1 i m i d a z o l a t o ) 
d i b u t y l t i n ( I V ) , (XXX): The reagen t N - t r i m e t h y 1 s i 1 y 1 - 2 -
methy l imidazole (0.61 gm, 4.0 mmol) d i l u t e d in 15 ml hexane 
was cont inuous ly dropped to d i b u t y l t i n d i c h l o r i d e ( 0 . 6 1 gm, 2.0 
mmol) in 50 ml hexane in the dry n i t rogen atmosphere. The 
reac t ion mixture was f u r t h e r s t i r r e d f o r Ca.3 h r s . The s o l i d 
t h a t appeared in the s o l u t i o n was f i l t e r e d o f f , washed w i th 
n-hexane and d r ied in vacuo. The crude was rec ryS ta l1 i zed 
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f rom 0^12012/'^~hexane m ix tu re y i e l d i n g m o i s t u r e s e n s i t i v e 
whi te s o l i d [M.p t .72 -74°C] . 
R e a c t i o n o f t r i b e n z y l t i n c h i o r i de w i t h N. - t r i m e t h y l -
s i l y l i m i d a z o l e ; I s o l a t i o n of ( imidazolato) t r i b e n z y l t i n ( I V ) , 
(XXXI ) : T r i b e n z y 1 1 i n c h l o r i d e ( 0 . 8 6 gm, 2 . 0 mmol) was 
d isso lved in 30 ml CHpClo to which the reagent N - t r i m e t h y l -
s i 1 y l i m i d a z o l e (0.28 gm, 2.0 mmol) was added w i t h cont inuous 
s t i r r i n g . White s o l i d immediately appeared in the s o l u t i o n . 
I t was s t i r r e d f o r 3 h rs . The reac t i on mix ture was kept at 
about 5°C temperature overn igh t then f i l t e r e d , washed w i th 
e t h e r and d r i e d i n v a c u o [ M . p t , 6 0 ° C ] , 
Reaction of t r i b e n z y l t i n c h l o r i d e with N - t r i m e t h y l s i l y l - 2 -
m e t h y 1 i m i d a z o l e ; I s o l a t i o n of ( 2 - m e t h y 1 i m i d a z o l a t o ) 
t r i b e n z y l t i n ( I V ) , ( X X X I I ) . I t was p repa red by r e a c t i n g 
equimolar amount of t r i b e n z y 1 t i n c h l o r i d e (1.28 gm, 3.0 mmol) 
w i t h the reagent N - t r i m e t h y l s i l y l - 2 - m e t h y l i m i d a z o l e (0.46 gm, 
3 .0 mmol) w i t h c o n t i n u o u s s t i r r i n g . The c o l o u r l e s s 
m ic roc rys ta l1 i ne s o l i d t h a t s lowly appeared w i t h s t i r r i n g was 
f u r t h e r s t i r r e d f o r 4 h r s . and k e p t a t 5°C f o r 
c r y s t a l l i z a t i o n . F i l t e r e d and washed thoroughly w i t h ether 
and d r ied in vacuo [M.p t .72°C] . 
Reaction of anhydrous stannous chloride with N - t r i m e t h y l -
s i 1 y l i m i d a z o l e ; I s o l a t i o n o f b i s ( i m i d a z o l a t o ) d i c h l o r o -
d i t i n ( I I ) , ( X X X I I I ) : To a s o l u t i o n o f anhydrous s tannous 
c h l o r i d e (0.38 gm, 2.0 mmol) in 20 ml THF, the reagent 
1 A-A-
N-trimethylsilylimidazole (0.70 gm, 5.0 mmol) diluted with 10 
ml THF was added with continuous stirring at room temperature 
in dry nitrogen atmosphere. The reaction mixture was then 
stirred for an additional 3 hrs. and resulting solid was 
filtered off, washed with THF and dried in vacuo giving 
a hygroscopic so^\6. It was recrystal1ized from 
CH2Cl2/n-hexane [M.pt.220°C]. 
Reaction of anhydrous stannous chloride with N-trimethyl-
si lyl-2-methylimidazole; Isolation of bis(2-methy1imida-
zolato)dichloroditin (II), (XXXIV): It was obtained in the 
same manner as described above by taking the reagent 
N-trimethylsilyl-2-methylimidazole (0.77gm, 5.0 mmol) and 
stannous chloride (0.38 gm, 2.0 mmol) in THF. The reaction 
mixture was stirred for 2 hrs. It was also recrystal 1 i zed 
from CH2Cl2/n-hexane [M.pt.240°C, decomposes]. 
Reaction of bis(imidazolato)dibutyltin(IV) with triphenyl-
phosphine; Isolation of bis(imidazolato)tin(II).triphenyl-
phosphine, (XXXV): To the solution of (XXIX) (0.55 gm, 1.5 
mmol) in 50 ml CH2CI2, triphenylphosphine (0.8 gm, 3.0 mmol) 
dissolved in 20 ml CH2CI2 was added with vigorous stirring at 
room temperature for about 24 hrs. The reaction mixture was 
vacuum dried giving colourless crystalline mass which was 
washed several times with CH2C12 and ether to remove 
unreacted triphenylphosphine and dried in vacuo [M.pt-70°CJ. 
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React ion o f b i s( 2-methyl i m i d a z o l a t o ) d i buty l t i n( IV ) w i t h 
t r i pheny lphosph ine ; I s o l a t i o n of b i s (2 -me thy l im idazo la to ) 
t i n ( I I ) . t r i p h e n y l p h o s p h i n e , (XXXVI): I t was prepared in the 
same manner as above by d i s s o l v i n g b i s ( 2 - m e t h y l -
i m i d a z o l a t o ) d i b u t y l t i n ( IV) ( 0 . 7 9 gm, 2 .0 mmol ) i n 25 ml 
CH2C12 and t r e a t i n g i t w i t h a s o l u t i o n of t r ipheny lphosph ine 
(1,04 gm, 4.0 mmol) w i th s t i r r i n g in small po r t i ons at room 
temperature. The mixture was heated under r e f l u x f o r Ca. 8 
hrs under a slow stream of n i t r o g e n . The so lven t was removed 
under reduced pressure and the s o l i d obta ined was washed w i th 
an excess of hexane and then w i th e the r , d r i ed in vacuo. The 
crude was r e c r y s t a l 1 i z e d from CH2Cl2/n-hexane [M .p t . 90°C ] . 
R e a c t i o n o f d i m e t h y l t i nd i ch 1 o r i de w i t h N.-tr imethy 1 -
s i l y l i m i d a z o l e in presence of t r i pheny lphosph ine ; I s o l a t i o n 
o f b i s ( i m i d a z o l a t o ) t i n ( I I ) . t r i p h e n y I p h o s p h i ne , (XXXV ) : 
D i m e t h y l t i n d i c h l o r i d e ( 0 . 4 gm, 2.0 mmol) d isso lved in CH2C12 
was reacted w i th N - t r i m e t h y l s i l y l i m i d a 2 o l e ( 0 . 5 6 gm, 4.0 mmol) 
in presence in presence of t r ipheny lphosph ine (0.52 gm, 
2.0 mmol) w i t h v i go rous s t i r r i n g a t room t e m p e r a t u r e . The 
reac t i on mixture was then re f luxed f o r £a. 12 h r s . and then 
mixed w i th n-hexane y i e l d i n g co lou r l ess s o l i d . I t was washed 
w i t h e t h e r t o remove t h e i m p u r i t i e s o f t h e u n r e a c t e d 
t r i p h e n y l p h o s p h i n e and the r e a g e n t t hen d r i e d i n vacuo 
[M .p t .70°C ] . 
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Reaction of d i m e t h y l t i n d i c h l o r i d e with N - t r i m e t h y l s i l y l - 2 -
methy l imidazole in presence of t r i pheny lphosph ine ; I s o l a t i o n 
of b i s ( 2 - m e t h y l i m i d a z o l a t o ) t i n ( I I ) . t r i p h e n y l p h o s p h i n e , (XXXVI) 
The compound (XXXVI ) was o b t a i n e d when d i m e t h y l -
t i n d i c h l o r i de( 0 . 4 gm, 2.0 mmol) d i s s o l v e d i n CHgClg was 
t r ea ted w i th N - t r i m e t h y l s i l y l - 2 - m e t h y l i m i d a z o l e (0.61 gm, 
4.0 mmol) i n presence of t r ipheny lphosph ine (0.52 gm, 
2.0 mmol w i th v igorous s t i r r i n g a t room temperature. I t was 
then re f luxed f o r Ca. 10 h rs . and then n-hexane was added 
(20 ml) t ha t resu l ted in the i s o l a t i o n of a co lou r l ess s o l i d . 
F i l t e r e d and washed w i t h e t h e r and d r i e d i n v a c u o . 
[M.pt.90*^C]. 
Reaction of b i s ( i m i d a z o l a t o ) t i n ( I I ) . t r i p h e n y l p h o s p h i n e w i t h 
iodine^ I s o l a t i o n of d i i o d o b i s ( i m i d a z o l a t o ) t i n ( I V ) , (XXXVII) : 
To a s o l u t i o n of b i s ( i m i d a z o l a t o ) t i n ( I I ) . t r i p h e n y l p h o s p h i n e 
(0.51 gm, 1.0 mmol) in CH2CI2 (20 ml) was added iod ine 
(0.25 gm, 1.0 mmol) w i t h s t i r r i n g a t room temperature under a 
dry n i t rogen atmosphere. The co lour of the reac t i on mixture 
g radua l l y changed from v i o l e t to red-orange i n d i c a t i n g the 
o x i d a t i v e a d d i t i o n of iod ine to t i n ( I I ) . A f t e r ^ . 1 h r . the 
reac t i on mix ture was evaporated under reduced pressure and 
washed w i th hexane g i v i ng an orange s o l i d [M.p t . 143°C]. The 
hexane washings were chromatographed on a SiOp co lumn, 
e l a t i o n w i t h hexane p r o v i d e d t r i p h e n y l p h o s p h i n e i n an 
approximately equ iva len t amount. 
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Reaction of bi s( 2-methyl imidazol ato)ti n( II). tri phenyl-
phosphine with iodine; Isolation of diiodobis(2-methy 1-
imida2olato)tin( IV), (XXXVIII): The preparation of this 
compound was achieved by reacting equimolar amount of 
iodine(0.25 gm, 1.0 mmol) in 10 ml CHgClg with a solution of 
compound (XXXIV) (0.54 gm, 1.0 mmol) in 20 ml CHgClg in the 
same manner as above. The orange coloured solid thus obtained 
was filtered and washed with hexane and ether and -dried in 
vacuo[M.pt.152°C]. The filtrate along with the washings was 
chromatographed on Si02 column, elution with hexane, here 
too, provided free triphenylphosphine. 
Reaction of [Zn{(CgHg)3P}2Cl2] with trimethylsilylimidazole; 
Isolation of bis(imidazolato)bis(triphenylphosphine)zinc(II), 
(XXXIX): [Zn{(CgH5)3p}2Cl2] (1.3 gm, 2.0 mmol) was dissolved 
in THF (30 ml) and the reagent N.-tr imethy 1 si 1 y 1 imi dazol e 
(0.56 gm, 4.0 mmol) was added dropwise from a dropping funnel 
with continuous stirring. The reaction mixture was further 
stirred for almost 1 hr., colourless solid appeared in the 
solution. The reaction mixture was kept at low temperature 
for 24 hrs The mother liquor was decanted in another flask 
leaving behind the colourless solid material. The mother 
liquor was mixed with 30 ml hexane, it also gave the white 
coloured crystalline mass. The solid was filtered, washed 
thoroughly with ether and n-hexane, dried in vacuo'. [M.pt, 
220°C]. 
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React ion o f [Zn{(CgHg)3P}2C1 g] w i th N - t r imethy 1 s i 1 y 1 -2-
m e t h y l i m i d a z o l e ; I s o l a t i o n o f b i s ( 2 - m e t h y l i m i d a z o l a t o ) 
b i s ( t r i p h e n y l p h o s p h i n e ) z i n c ( I I ) , (XL) : I t was prepared in the 
same manneir as d e s c r i b e d above f o r (XXXIX) by t a k i n g 
[Zn{(CgH5)^,P}2Cl2] (1 -3 gm, 2 .0 mmol) i n 25 ml THF and 
t r e a t i n g i t w i t h the reagent N - t r i methy 1 s i 1 y 1-2-methy "1-
imidazo le(0 .61 gm, 4.0 mmol) w i t h cont inuous s t i r r i n g . The 
reac t i on mix ture was kept a t 5°C f o r 24 h rs . then mixed w i th 
20 ml n-hexane f o r c r y s t a l l i z a t i o n and kept a t 5°C f o r 12 
h rs . Colour less c r y s t a l l i n e mate r ia l obta ined was washed w i t h 
e ther and d r i ed in vacuo [M.p t .230°C] . 
R e a c t i o n o f [ C d { ( C g H 5 ) 3 P } 2 C l 2 ] w i t h N . - t r i methy 1 s i 1 y 1 -
im idazo le ; I s o l a t i o n o f b i s ( i m i d a z o l a t o ) cadmium( I I ) , ( X L I ) : 
[Cd{(CgH5)3P}2Cl2] (1 .4 gm, 2.0 mmol) was taken in 30 ml 
THF, i t was s t i r r e d f o r 15 mts. then the reagent hJ - t r imethy l -
s i l y l imidazole(0.56 gm, 4.0 mmol) mixed w i th 10 ml THF was 
c o n t i n u o u s ; l y d r o p p e d t o i t . The r e a c t i o n m i x t u r e was 
c o n t i n u o u s l y s t i r r e d f o r 3 h r s . , w h i t e c o l o u r e d s o l i d 
appeared in the s o l u t i o n . The s o l i d was f i l t e r e d o f f and 
f i l t r a t e was layered w i th hexane, i t gave the second crop of 
the product . The s o l i d was washed w i th hexane and ether and 
d r i e d in vacuo.[M.pt .100°C decomposes]. A l l the washings were 
c o l l e c t e d and d r ied in vacuo g i v i n g whi te coloured sh in ing 
c r y s t a l l i n e ma te r ia l (1 .0 gm) which has been i d e n t i f i e d as 
2.0 mole equ iva len t of f ree (CgH5)3P [M .p t . 80°C ] . 
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Reac t ion o f [Ccl{(CgHg)3P}2C1 g] w i th N - t r imethy 1 s i 1 y 1 - 2 -
m e t h y l i m i d a z o l e ; I s o l a t i o n o f b i s ( 2 - m e t h y 1 i m i d a z o l a t o ) 
cadmium(I I ) , ( X L I I ) : [Cd{(CgH^)3P}2Cl2] (1 .4 gm, 2.0 mmol) 
suspended in 30 ml THF was s t i r r e d f o r 15 mts. then the 
reagent N - t r i m e t h y l s i l y l - 2 - m e t h y l i m i d a z o l e (0.61 gm, 44.0 mmol) 
was added to i t in the manner descr ibed above f o r ( X L I ) . The 
co lou r l ess s o l i d was washed w i th ether and hexane and d r ied 
in vacuo [M.pt.115°C decomposes]. F i l t r a t e a longwi th the 
e ther washings when d r ied in vacuo y i e l d co lou r l ess sh in ing 
c r y s t a l l i n e m a t e r i a l , (1.03 gm, Ca. 2.0 mole of (CgH5)3P) i t 
was i d e n t i f i e d as f r ee (CgH5)3P from i t s me l t ing p o i n t [80°C] 
T . r . and a n a l y t i c a l da ta . 
R e a c t i o n o f [ H g { ( C g H 5 ) 3 P } 2 C l 2 ] w i t h N . - t r i m e t h y l s i l y l -
i m i d a z o l e ; I s o l a t i o n o f b i s ( i m i d a z o l a t o ) b i s ( t r i p h e n y l -
p h o s p h i n e ) m e r c u r y ( I I ) , ( X L I 1 1 ) : The s y n t h e s i s o f t h i s 
compound was achieved by reac t ing [Hg{(CgH5)3P}2Cl2] (1-2 
gm, 1.5 mmol) in 100 ml THF w i th the reagent N - t r i m e t h y l -
s i 1 y l imidazole (0.43 gm, 3.0 mmol) w i t h cont inuous s t i r r i n g 
in an i n e r t atmosphere. White t u r b i d i t y was seen immediately 
a f t e r the a d d i t i o n of the reagent, s t i r r e d i t f o r 2 h r s . 
r e s u l t i n g in a c lea r s o l u t i o n . This s o l u t i o n was vacuum d r i ed 
g i v i n g a s t i c k y o i l y ye l l ow ish whi te s o l i d . I t was washed 
w i t h e the r and d r i e d . A f t e r d r y i n g t he s o l i d l o o s e s i t s 
s t i c k i n e s s [M.p t .228°C] . The mother l i q u o r a longwi th the 
w a s h i n g s were d r i e d i n vacuum and d i d n o t y i e l d f r e e 
t r ipheny lphosph ine even in t r aces . 
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React ion o f CHg{ (CgHg )3P}2C1 g ] w i th N - t r imethy 1 s i 1 y 1-2-
methy l imidazo le ; I s o l a t i o n of b i s ( 2 - m e t h y 1 i m i d a z o l a t o ) 
b i s ( t r i p h e n y l p h o s p h i n e ) m e r c u r y ( I I ) , (XLIV) : The syn thes is of 
b is (2-methy1 imidazo la to) b i s ( t r i pheny l phosph ine )m e rcu r y ( I I ) 
was per formed i n the same manner as d e s c r i b e d above f o r 
(XL 111 ) by r e a c t i n g d i c h 1 o r o b i s ( t r i p h e n y 1 p h o s p h i n e ) 
m e r c u r y ( I I ) ( 1 .2 gm, 1.5 mmol) and K - t r i m e t h y 1 s i 1 y 1 - 2 -
methy l imidazo leCO.46 gm, 3.0 mmol) i n THF (100 m l ) . The 
c o l o u r l e s s s o l i d was o b t a i n e d a f t e r p r o l o n g s t i r r i n g 
[M. p t . 240°C ] . I n t h i s case t o o , t h e wash ing and mother 
l i q u o r when d r i e d i n vacuo d i d n o t y i e l d l i b e r a t e d 
t r i pheny lphosph ine . 
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RESULTS AND DISCUSSION 
R e a c t i o n o f d i m e t h y l t i ndi chl or i de w i t h N_-tri m e t h y l s i 1 y l -
i m i d a z o l e / 2 - m e t h y l i m i d a z o l e ; I s o l a t i o n of b i s ( i m i d a z o l a t o ) 
d i m e t h y l t i n ( I V ) , ( X X V I I ) o r b i s ( 2 - m e t h y 1 i m i d a z o l a t o ) 
d i m e t h y l t i n ( I V ) , ( X X V I I I ) : For the r e a c t i o n s o f d i m e t h y l t i n -
d i c h l o r i d e w i t h the reagen ts N [ - t r i m e t h y l s i l y l i m i d a z o l e and 
N i - t r i m e t h y l s i 1 y l - 2 - m e t h y 1 i mi d a z o l e t h e p r o d u c t has been 
i d e n t i f i e d as the b i s ( i m i d a z o l a t o ) - d i m e t h y l t i n ( I V ) , (XXV I I ) 
and b i s 2 - m e t h y l i m i d a z o l a t o t i n ( I V ) , ( X X V I I I ) . The r e s u l t s o f 
the e l e m e n t a l ana l yses and s t o i c h i o m e t r i e s o f t h e p r o d u c t s 
are shown i n Tab le X I I . Here t o o , t he observed r e a c t i v i t y o f 
the r e a g e n t ( s ) towards Sn-Cl bonds i s a p p a r e n t l y due t o t he 
a f f i n i t y o f t he (CH2)3Si group f o r c h l o r i n e r e s u l t i n g i n the 
r e l e a s e o f (CH2)2SiCl s i m i l a r t o t h a t observed f o r t r a n s i t i o n 
meta l c h l o r i d e s and t h e i r d e r i v a t i v e complexes . The mode o f 
r e a c t i o n c a n be r e p r e s e n t e d as shown by t h e f o l l o w i n g 
e q u a t i o n 
(CH3)2SnCl2 + 2(CH3)3Si 
(CH3)2Sn -N 
> ^ 
N 
•-R 
y-N 
R 
+ 2 ( C H 3 ) 3 S i C l . . . ( 4 2 ) 
R - H ( X X V I I ) 
R = CH3 ( X X V I I I ) 
The i . r . s p e c t r a o f the compounds ( T a b l e - X I I I ) e x h i b i t 
t he c h a r a c t e r i s t i c ' ^ ^~ i m i d a z o l a t e / 2 - m e t h y l i m i d a z o l a t e 
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ring vibrations in addition to the bands observed for the 
p 1 q 
organic substituent i.e., CH3 at their reported positions. 
The appearance of a strong band at 535 cm" in the far i.r. 
region of the spectrum is assigned to the \> ^sym (Sn^^-N) 
stretching frequency which is comparable to that reported^^ 
in tetrakis (dimethylamido)tin(IV). 
The compounds were soluble in usual organic solvents 
and behave as monomers in solution. The H n.m.r. spectrum of 
the compounds (XXVII) and (XXVIII ) (Table-XII) exhibited 
resonances characteristic of the imidazolate protons in 
addition to the signals arising from the proton of the 
organic substituent at the appropriate position. 
Reaction of dibutyltindichloride with the reagents 
N-trimethylsilylimidazo1e/2-methylimidazole; Isolation of 
bis(imidazolato)dibutyltin(IV), (XXIX) or bis(2-methylimi-
dazolato)dibutyltin(IV), (XXX): The analytical results on the 
compounds obtained (Table-XII) agree well with the molecular 
formula as [ (C^Hg)2SnL2] where L = imidazolate or 2-methyl-
imidazolate moiety. Here too, all the chlorine has been 
replaced by the imidazolate moiety which has further been 
confirmed form the observed analytical data. The reaction 
seems to follow the following metathetic course as shown 
below: 
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(C4Hg)2SnCl2 + 2(CH3)3Si N 
R 
N 
> (C4H9)2Sn—j-N 
+ (CH3)3SiCl R 
. ( 4 3 ) 
J2 
R = H (XXIX) 
R = CH3 (XXX) 
B o t h t h e compounds were s o l u b l e i n m o s t o f t h e o r g a n i c 
s o l v e n t s , w e r e l o w m e l t i n g w h i c h i n d i c a t e d t h e m t o be 
monomeric i n n a t u r e . The monomeric n a t u r e o f t h e compounds 
was f u r t h e r c o n f i r m e d by d e t e r m i n i n g t h e i r m o l e c u l a r w e i g h t s . 
The i . r . spec t rum ( T a b l e - X I I ) o f t h e compounds showed a l l t h e 
b a n d s c h a r a c t e r i s t i c ^ ' ^ o f t h e i m i d a z o l a t e r i n g 
s t r e t c h i n g v i b r a t i o n s i n t h e r a n g e 1 6 0 0 - 1 3 0 0 c m " b u t 
s l i g h t l y s h i f t e d ( 1 0 - 2 0 c m " ^ ) f r o m t h e i r p o s i t i o n t h a t 
i n d i c a t e d i n t h e f r e e i m i d a z o l e . The i . r . spec t rum o f t he 
c o m p o u n d s ( X X I X ) and (XXX) a l s o s h o w e d b a n d s 
c h a r a c t e r i s t i c ^ o f t he b u t y l g roup . The s t r o n g band a t 535 
cm~^ i s ass igned t o t he •)) asym^^'^ "'^^ s t r e t c h i n g v i b r a t i o n 
as r e p o r t e d ' ' by Burger e t . a l . The H n . m . r . spec t rum o f 
t he compounds (XXIX) and (XXX) e x h i b i t e d s i g n a l s ( T a b l e - X I I ) 
a r i s i n g f rom the i m i d a z o l a t e / 2 - m e t h y l i m i d a z o l a t e p r o t o n s , 
i n c l u d i n g t h o s e a r i s i n g f r o m o r g a n i c s u b s t i t u e n t a t 
a p p r o p r i a t e p o s i t i o n s . 
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Reaction olP tri benzyl ti nchlori de with hJ-tr imethyl si 1 y 1-
imidazole/2-methylimidazole; Isolation of ( imidazol ato) 
tri benzyltin( IV) , (XXXI) or (2-methylimidazolato)triben-
zyltin(IV), (XXXII): The products that were obtained by the 
reaction of tribenzyltinchloride with the reagents 
(N-trimethylsilylimidazole/2-methyl imidazole) were identified 
ds (C5HgCH2)3SnL (L=imidazolate or 2-methylimidazolate) from 
~.he results of elemental analyses suggesting the reaction to 
proceed through the following equation: 
(CgH5CH2)3SnCl + (CH3)3Si N I > 
(CgH5CH2)3Sn- N " + (CH3)3SiCl ... (44) 
R = H (XXXI) ^ 
R :^  CH3 (XXXII) 
The i.r. spectrum of the compounds exhibited ' 
the characteristic imidazolate/2-methy1imidazolate ring 
vibrations in addition to the strong bands arising from the 
organic substituent. A strong band that appeared in the 
_ -I ? 2 0 
region 530 cm ' was assigned to the metal nitrogen 
band i^  asym (^ n - N). The H n.m.r. spectrum (Table-
XIII) of the compounds (XXXI). (XXXII) showed characteristic 
resonance arising from imidazolate/2-methylimidazolate 
protons as well as the resonance arising from the prot'ons of 
organic substituent at their appropriate positions. 
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The lone pair at the imine nitrogen of the imidazole 
moiety may coordinate to the tin atom. However 
intramolecular coordination seems sterically improbable, the 
intermolecular coordination leading to an octahedral 
configuration for (XXVII). (XXVIII ) . (XXIX) and (XXX) as 
shown in figure-XXVIII while a trigonal bipyramidal geometry 
(Figure-XXIX) seems plausible for (XXXI) and (XXXII) in the 
condensed solid phase of these compounds. However, in 
solution of these compounds in non coordinating solvents, the 
intramolecular imine coordination would be weak suggesting a 
tetrahedral environment around Sn(IV) centre as the most 
reasonable molecular representation of these compounds. 
CH3 (XXVII). XXVIII) 
n - C^Hg (XXIX. XXX) 
H (XXVII. XXIX) 
CH3 (XXVIII. XXX) 
(Figure-XXVIII) 
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H5C6H2C 
H5C6H2C 
CH2C6H5 
R 
R 
H ( X X X I ) 
CH3 ( x x x i n 
(Figure - XXIX) 
R e a c t i o n of anhydrous stannous c h l o r i d e w i t h N.-
t r i m e t h y l s i 1 y l imidazole/2-methy1 imi dazo le ; I s o l a t i o n o f 
b i s ( i m i d a z o l a t o ) d i c h l o r o d i t i n ( I I ) , ( X X X I I I ) or b i s ( 2 -
m e t h y 1 i m i d a z o l a t o ) d i c h l o r o d i t i n ( 1 1 ) , (XXXIV ) : The 
s to i ch iomet ry of the product of the reac t ion of the anhydrous 
s t a n n o u s c h l o r i d e w i t h t h e r e a g e n t s N . - t r i m e t h y l s i l y l -
im idazo le /2-methy l im idazo le i s compat ible w i t h the formula as 
[SnClL lp . There i s one c h l o r i n e always re ta ined i n molecular 
u n i t , even though, a s l i g h t excess of the reagents were used 
to ensure t o t a l removal of the ch lo r i nes as (CHo)3SiCl. A 
? ? 1 s i m i l a r o b s e r v a t i o n has a l s o been r e p o r t e d f o r t he 
r e a c t i o n o f SnCl2 w i t h E ( t - B u ) 2 S i M e g (E=P, A s ) . The 
compounds ( X X X I I I ) and (XXXIV) were h i g h m e l t i n g (above 
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200°C) and d i d n o t d i s s o l v e i n u s u a l o r g a n i c s o l v e n t s 
except ing DMSO. Molecular weight (Tab le -X I I ) measurements 
ind ica ted them to be dimers. In the i . r . spect ra of the 
compounds im idazo la te /2 -methy l im idazo la te r i n g v i b r a t i o n s 
appeared a t the expected ' p o s i t i o n s . A band o f 
medium i n t e n s i t y a t 410 cm" has been a s s i g n e d t o 
y (Sn-^^-N) s t r e t c h i n g v i b r a t i o n ^ which seems reasonable in 
v i ew o f t h e r e p o r t t h a t Cd-N bond f r e q u e n c y i n 
Cd[N(Si/CH2)3)2]2 a^so appears in t h i s range. The p o s i t i o n 
of the Sn -N bond frequency is lower than that of the Sn -N 
207 bond. This observation is parallel to that reported for 
the corresponding Sn-0 i,e, ( S n - 0 ) bond stretching 
frequency lies at higher position than that arising from 
S n - 0 bond. This may be rationalized in terms of the 
presence of substantial polarity expected for the Sn -N 
bond, which is compatible with the observed medium intensity 
of this vibration. The V (M-Cl) stretching vibration for 
the compounds (XXXIII) and (XXXIV) appeared at the 
p o o 
r e p o r t e d p o s i t i o n ( T a b l e - X I I I ) o f t e r m i n a l V ( S n - C l ) 
s t r e t c h i n g v i b r a t i o n . 
The dimers ( X X X I I I ) and (XXXIV) d i d no t e x h i b i t any 
t e n d e n c y t o t r a n s f o r m i n t o t h e monomer ic a d d u c t l i k e 
[SnClL.Base] as was ind ica ted by the f o l l o w i n g observa t ions . 
Treatment of (XXXI I I ) and (XXXIV) w i th s t rong bases l i k e 
p y r i d i n e , pyr id ine-N-ox ide(PyNO), p i p y r i d i n e and even Bu^NI 
d i d not i n d i c a t e any apparent r e a c t i o n r a t h e r unchanged 
1 se 
r e a c t a n t s were o b t a i n e d ( i d e n t i f i e d by p h y s i c o - c h e m i c a l 
me thods ) . I n o r d e r t o probe f u r t h e r t h i s b e h a v i o u r o f t h e 
c o m p l e x e s , i t was t h o u g h t t o use a w e l l known m o n o m e r i c 
t i n ( I I ) c h l o r i d e c o m p l e x [ S n C l 2 - P y N 0 ] ( 1 : 1 a d d u c t ) as 
p r e c u r s o r f o r t h e r e a c t i o n w i t h t h e r eagen t s N - t r i m e t h y l -
s i 1 y l i m i d a z o l e / 2 - m e t h y l i m i d a z o l e w i t h t h e hope o f i s o l a t i n g a 
monomeric s p e c i e s . I t a l s o a f f o r d e d t h e p r o d u c t s ( X X X I I I ) 
and (XXXIV) r e s p e c t i v e l y w i t h t h e r e c o v e r y o f an e q u i v a l e n t 
amount o f f r e e PyNO. T h i s b e h a v i o u r i s a p p a r e n t l y i n 
c o n t r a s t t o t h e f i n d i n g s r e p o r t e d f o r b i s ( d i m e t h y l ami do ) 
t i n ( I I ) and t i n ( I I ) d i o l a t e d i m e r s w h i c h have been 
shown t o produce 1:1 adduc ts w i t h bases such as b i p y r i d i n e , 
p h e n a n t h r o l i n e and r e s u l t t h e i o n i c complexes when r e a c t e d 
w i t h Bu^NI . T h i s unusual behav iou r o f ( X X X I I I ) and (XXXIV) 
may be r a t i o n a l i z e d i n t e r m s o f t h e s t r o n g b r i d g i n g 
c a p a b i l i t y p r o v i d e d by the p y r i d y l ( i m i n e ) n i t r o g e n o f t h e 
i m i d a z o l a t e / 2 - m e t h y l i m i d a z o l a t e mo ie t y towards S n ( I I ) c e n t r e 
r e s u l t i n g i n an i n t a c t d imer as shown be low: 
CI —5n Sn-—CI 
R 
R 
H ( X X X I I I ) 
CH3 (XXXIV) 
( F i g u r e - XXX) 
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Reaction of b i s ( im idazo la to )c l ibu ty l t i n { IV) and b i s ( 2 - m e t h y l -
i m i d a z o l a t o ) d i b u t y l t i n ( I V ) w i t h t r ipheny lphosph ine and t h a t 
of d i m e t h y l t i n d i c h l o r i d e w i t h N - t r i m e t h y l s i l y - i m i d a z o l e / - 2 
- m e t h y l i m i d a z o l e i n p r e s e n c e o f e q u i v a l e n t amount o f 
t r i pheny lphosph ine ; I s o l a t i o n of b i s { im idazo la to ) t i n ( I I ) . 
t r i p h e n y l p h o s p h i n e , (XXXV) or b i s( 2-methy 1 i m i d a - z o l a t o ) 
t i n ( I I ) t r i p h e n y l p h o s p h i n e , (XXXVI) : The r e a c t i o n o f b i s 
( i m i d a z o l a t o ) d i b u t y l t i n ( I V ) or b i s ( 2-methy 1 i mi dazo l a t o ) 
d i b u t y l t i n ( I V ) w i t h an excess of t r i pheny lphosph ine (v i de -
supra experimental pa r t ) a t the r e f l u x temperature of CH2C12 
under an i n e r t atmosphere has proceeded w i th cleavage of the 
Sn-C bond to form the adduct [SnL2(CgH5)3P] [L = im idazo la te , 
(XXXV): L = 2 -methy l im idazo la te , (XXXVI)] i n Ca. 505K y i e l d . 
The absence of bu ty l group in the products(XXXV) and (XXXVI) 
was c o n f i r m e d f r o m t h e s p e c t r a l d a t a i . e . H n . m . r . 
spectrum ( T a b l e - X I I I ) d i d no t show c h a r a c t e r i s t i c b u t y l 
r e s o n a n c e s r a t h e r e x h i b i t e d w e l l r e s o l v e d s i g n a l s 
c h a r a c t e r i s t i c of the i m i d a z o l a t e ( 7 . 3 8 and 7.45S ) and 
coord inated t r ipheny lphosph ine (7.6 - 7.85S) p ro tons , wh i le 
the i . r . spectrum ( T a b l e - X I I I ) showed no c h a r a c t e r i s t i c bu ty l 
b a n d s . The ^ "• P n . m . r . s p e c t r u m o f (XXXV) and (XXXVI ) 
contained a sharp s i n g l e t at 4.3 ppm which i s in the range 
repor ted f o r (CgH5)3P coord inated to metal ions . 
The p r o d u c t o b t a i n e d f r o m t h e d i r e c t r e a c t i o n o f 
d i m e t h y l t i n d i c h l o r i d e w i t h t h e r e a g e n t s N.-1 r i methy 1 -
1 eo 
s i 1 y 1 i m i d a z o l e / 2 - m e t h y 1 i m i d a z o l e i n p r e s e n c e o f 
t r i p h e n y I p h o s p h i n e were found t o have t he s t o i c h i o m e t r y 
comparable to (XXXV) or (XXXVI). Here, t oo , the cleavage of 
Sn-C bond has produced the adduct [SnL2.(CgHg)3P] i . e (XXXV) 
or (XXXVI). I t was f u r t h e r conf irmed from i t s i . r and H 
n .m. r . s p e c t r a l d a t a . H n .m . r . (Tab1e -X I11 ) spec t rum o f 
both the compounds d id not show resonance c h a r a c t e r i s t i c of 
a l k y l g roup i n s t e a d t h e r e s o n a n c e s c h a r a c t e r i s t i c o f 
i m i d a z o l a t e r i n g p r o t o n s and t h a t o f t h e c o o r d i n a t e d 
t r i p h e n y l p h o s p h i n e a re o b s e r v e d a t t h e i r a p p r o p r i a t e 
p o s i t i o n . The i . r . spectrum of (XXXV) and (XXXVI) d id not 
show bands c h a r a c t e r i s t i c o f a l k y l group r a t h e r bands o f 
coord inated t r ipheny lphosph ine are seen a t t h e i r expected 
p o s i t i o n s . I n f r a - r e d spect rum o f bo th t he complex i . e . 
(XXXV) and (XXXVI) contained c h a r a c t e r i s t i c im idazo la te r i ng 
v i b r a t i o n s •' and a band of medium i n t e n s i t y i n the f a r -
— 1 ? ? ? 
I.r. region, at 418 cm , characteristic of the 
\)ggy^(Sn ""N) stretching vibration. 
The cleavage of Sn-C bond in organotin (IV) derivatives 
is not a very common feature, however there are a few 
p O C O O "7 
reports'^'^^''-^' that reagents such as PX3(X=halogen), AsClj 
and BiClg show similar behaviour. 
Reaction of bis(imidazolato)tin(II).triphenylphosphine with 
Ig; Isolation of diiodobis(imidazolato)tin(IV), (XXXVII) or 
that of bis(2-methylimidazolato)tin(II).triphenylphosphine 
1 6 1 
wi th Ip,* I s o l a t i o n of d i iodob is(2-methy l i m i d a 2 o l a t o ) t i n ( I V ) , 
( X X X V I I I ) : I n o rder t o a s c e r t a i n t he s t o i c h i o m e t r y o f t he 
f o r m a t i o n o f (XXXV) and (XXXVI) and t o o b t a i n e d chemica l 
ev idence f o r the o x i d a t i o n s t a t e o f t he t i n atom i n the 
molecule, (XXXV) and (XXXVI) were subjected to an o x i d a t i v e 
a d d i t i o n reac t ion using an equ iva len t amount of i o d i n e . A 
sharp change in the colour of iod ine was observed and the 
reac t ion mixture f i n a l l y a f fo rded orange m ic roc r ys ta l 1 i ne 
p roduc ts (XXXVII) and (XXXVI I I ) r e s p e c t i v e l y a l o n g w i t h 
equ iva len t amount of f ree t r ipheny lphosph ine(Exper imenta l 
S e c t i o n ) . A n a l y t i c a l data of t he compounds (XXXVI I ) and 
(XXXVI11) ag ree w e l l w i t h t h e s t o i c h i o m e t r y as 
[Sn l2L2 ] [ L = i m i d a z o l a t e ( X X X V I I ) . 2 - m e t h y 1 i m i d a z o l a t e 
( X X X V I I I ) ] . A comparison of the spec t ra l data of (XXXVII) 
and (XXXVIII) w i th the corresponding analogues (XXXV) and 
(XXXVI ) c o n f i r m e d t h e c o m p l e t e l i b e r a t i o n o f 
t r ipheny lphosph ine dur ing the course of fo rmat ion of (XXXVII) 
and (XXXVI I I ) . These observat ions i nd i ca te t h a t .compounds 
(XXXV) and (XXXVI) are genuine t i n ( I I ) compounds and t h a t the 
r e a c t i o n o f (XX IX) and (XXX) w i t h e x c e s s o f 
t r i p h e n y l p h o s p h i n e in r e f l u x i n g CHgClg and t h a t o f t he 
d i m e t h y l t i n d i c h l o r i d e w i t h t h e r e a g e n t s N . - t r i m e t h y l -
s i 1 y l imidazoi e/2-methyl imidazole in presence of t r i p h e n y l -
phosphine in CH2C12 proceeds through a redox step which may 
be i n i t i a t e d e i t h e r by t r ipheny lphosph ine or CH2CI2 or both . 
1 6 2 
The reducing behaviour of triphenylphosphine towards a few 
O O K 
metal ions is, however, well recognized . 
React ion of [Zn{(CgH5)3P}2Cl2] w i t h N - t r i m e t h y l s i l y l i m i d a z o l e 
and N- t r ime thy l s i1y l -2 -me thy1 im idazo le ; I s o l a t i o n o f b i s -
( i m i d a z o l a t o ) b i s ( t r i p h e n y l p h o s p h i n e ) z i n c ( I I ) , (XXXIX) and 
b i s - ( 2 - m e t h y l i m i d a z o l a t o ) b i s ( t r i p h e n y l p h o s p h i n e ) z i n c ( I I ) , 
(XL) : Results of the elemental analyses (Table-XIV) of the 
p roduc ts i s o l a t e d from the t i t l e r e a c t i o n s sugges t t he 
f o r m u l a o f t h e compounds as [ Z n { ( C g H g ) j P } 2 L o ] ^ (where 
L = i m i d a z o l a t e / 2 - m e t h y l i m i d a z o l a t e ) . The compounds were 
so lub le only in coo rd ina t i ng so lven ts l i k e DMSO and DMF w i th 
very l i t t l e s o l u b i l i t y in CH2CI2 i n d i c a t i n g t h e i r poss ib le 
o l igomer ic na tu re . There i s no re lease of (CgHc)^? dur ing the 
course of the r e a c t i o n s u g g e s t i n g t he m e t a t h e t i c pathway 
represented by the f o l l o w i n g equat ion : 
[Zn{(CgH5)3P}2Cl2] + 2(CH3)3Si—N 
[C6H5)3P]2 Z n -
R = H (XXXIX) 
R = CH3 (XL) 
R 
P 
+ 2 (CH3)3SiCl . . (45) 
The presence of c o o r d i n a t e d t r i p h e n y l p h o s p h i n e and 
imidazolatey^2-methyl imidazo la te moie t ies in the molecule has 
been ascer ta ined from the i . r . and Pn.m.r. spec t ra l data. 
I t can be seen t h a t some o f t h e c h a r a c t e r i s t i c r i n g 
1 6 3 
v i b r a t i o n s of the i mi d a z o l a t e / 2 - m e t h y 1 i m i d a z o l a t e mo ie t y 
o v e r l a p w i t h t h o s e a r i s i n g f r o m t r i p h e n y 1 p h o s p h i n e , 
n e v e r t h e l e s s they can be i d e n t i f i e d on compar ing w i t h the 
a l ready r epo r t ed i . r . spec t rum o f t he r e a g e n t ( s ) . The 
appearance of a s i ng l e band of medium i n t e n s i t y a t about 400 
— 1 1 ft A 
cm is, unequivocally, assignable to V M-N stretching 
pop 
v i b r a t i o n . I t i s wel l known'^'^ t h a t M-N s t r e t c h i n g v i b r a t i o n s 
are o f ten s e n s i t i v e to the environment around Z n ( I I ) , C d ( I I ) 
or H g ( I I ) ion i . e . appear as a broad s i ng l e band in pseudo-
octahedra l environment but s p l i t i n t o at l eas t two bands when 
the environment around metal i s pseudo- te t rahedra l w i t h C2V 
s y m m e t r y . The compounds (XXXIX) and (XJ= )^ may b e s t be 
r e p r e s e n t e d as h a v i n g o c t a h e d r a l g e o m e t r y i n v o l v i n g 
imidazo la te b r i dg ing as shown below i n f i gu re -XXX I . 
R 
R 
H (XXXIX) 
CH3 (XL) 
( F i g u r e - X X X I ) 
1 6-4-
R e a c t i o n o f [Cd{ (CgHg)3P}2C1j ] w i th N - t r i m e t h y l s i l y l i m i d a z o l e 
and N.-t r i methy 1 s i 1 y 1 - 2 - m e t h y 1 i mi d a z o l e ; I s o l a t i o n o f 
b i s ( i m i d a z o l a t o ) c a d m i u m ( I I ) , ( X L I ) and b i s ( 2 -
m e t h y 1 i mi d a z o l a t o ) c a d m i um( 11 ) , { XJLU.) •" The mode o f t h e 
r e a c t i o n o f [ C d { ( C g H 5 ) 3 P } 2 C l 2 ] w i t h t h e r e a g e n t s i s 
a p p a r e n t l y d i f f e r e n t f rom t h a t observed f o r t h e r e a c t i o n o f 
[Zn{ (CgHg)oP}2Cl23 ^s fo rmer proceeds w i t h t h e l i b e r a t i o n o f 
a l l o f t h e c o o r d i n a t e d (CgH5)3P ( v i d e - s u p r a i n e x p e r i m e n t a l 
p a r t ) . The a n a l y t i c a l da ta ( T a b l e - X I V ) o f t h e f i n a l 
p r o d u c t a g r e e q u i t e w e l l w i t h t h e s t o i c h i o m e t r y 
[ C d L g ] [ ( L = i m i d a z o l a t e (XJJL) and L = 2 - m e t h y l i m i d a z o l a t e ( X L I I ) ] 
s u g g e s t i n g t h e r e a c t i o n as shown be low: 
[Cd{ (CgH5)3P}2C l2 ] + 2 (CH3)3S i—-N I > Cd-
R 
• • - N 
LR 
y-N 
+ 2 (CgH5)3P + 2 (CH3)3SiCl (46) 
R = H ( X L I ) 
R = CH3(XL I I ) 
The absence o f (CgHg)oP f rom the c o o r d i n a t i o n sphere o f 
t he f i n a l p r o d u c t was f u r t h e r c o n f i r m e d f rom t h e absence o f a 
s i g n a l i n t h e P n . m . r . and a l s o t h e a b s e n c e o f 
c h a r a c t e r i s t i c (CgH5)3P v i b r a t i o n s i n t h e i . r . s p e c t r a o f t he 
c o m p o u n d s . The p o s i t i o n o f t h e i m i d a z o 1 a t e / 2 - m e t h y 1 -
i m i d a z o l a t e v i b r a t i o n s a r e i n d i c a t e d a t r e c o g n i z e d 
p o s i t i o n s ' ^ 2 ' ^ ^ " ' ' ^ ( T a b l e - X V ) . The appearance o f a d o u b l e t i n 
1 e s 
the 1) (M-N) stretching vibration region 167 (Table-XV) 
2 2 A 
corroborates the pseudo-tetrahedral geometry of the 
compound with a probable C2V symmetry of the molecule. The 
splitting of M-N vibration band reported^^ to occur for the 
cobalt(II) pyrazole complexes in the form of a shoulder in 
the main band has been assigned to be due to a side symmetry 
lower than octahedral, of course,, preferably C2V (tetrahedral ) 
which has also been observed in many other cases. The 
molecular presentation of [CdL2] may be given as shown in 
figure '"/wxj ^  
R = H (XLI) 
R = CH3(XLII 
(F igure-XXXI I ) 
R e a c t i o n o f [ H g { ( C g H g ) 3 P } 2 C I 2 ] w i t h the r e a g e n t s N-
t r imethyls i ly l imidazole and N- t r imethy ls i ly l -2 -methy l imi -
dazole; Iso la t ion of bis(imidazolato)bis(tr iphenylphosphine) 
m e r c u r y ( I I ) , ( X L I I I ) and b i s ( 2 - m e t h y 1 i m i d a z o l a t o ) b i s 
( t r i pheny lphosph ine )mercu ry ( I I ) , (XLXy ) : The a n a l y t i c a l data 
(Table-XIV) of the products obta ined from the t i t l e reac t i on 
ag ree w e l l w i t h t h e f o r m u l a o f t h e compound as 
1 e 6 
i^siiC^y^^)2^)2^2'^ "^ accordance with the following reaction 
path : 
[Hg{(CgH5)3P}2Cl2] + 2(CH3)3 S i — N I — > 
N 
[.(CgH5)3P^Hg—-N 
R = H (XLIII) 
R = CH3 (XLIV) 
N 
R 
+ 2(CH3)3SiCl (47) 
-12 
R 
The position of the characteristic ligand vibrations 
have been shown in table-XV alongwith that of the position of 
the signal appeared in the ^^P n.m.r. spectrum of the 
compound. The compound behaves in an identical manner with 
that mentioned above for (XXXIX) and (XL). It may, therefore, 
be ascertained that (XLIII) and (XLIV) also adopt octahedral 
geometry in the same manner as indicated above for (XXXIX) 
and (XL,) as shown in figure-XXXI. 
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TABLE-XIl 
Analytical data of complexes. 
Complexes 
CCH3)2Snaz)2:J 
CCH3)2Sn(MeIz)23 
C(C4H9)pSn(Iz)23 
C(C4H9)2Sn<MeIz)2D 
C(C^H5CH2)3Sn(Iz): 
C(C^H5CH2)3Sn(MeIz)D 
:SnCl(Iz)D2 
CSnCl(Mel2):2 
CSn(Iz)2.(C^H5)3P: 
CSn(MeIz)2.(C^H3)3PJ 
CSnl2(lz)2: 
ZSnl^inelz)^! 
(XXVII) 
(XXVIII) 
'XXIX) 
(XXX) 
(XXXI) 
(XXXII) 
(XXXIII) 
(XXXIV) 
(XXXV) 
(XXXVI) 
(XXXVII) 
inx\/iii) 
v. c 
Found 
(Calcd.) 
33.9 
(34.0) 
38.5 
(38.6) 
45.8 
(45.8) 
48.4 
(48.6) 
62.5 
(62.8) 
63.2 
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7. H 
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(Calcd.) 
4.2 
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4.1 
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2.0 
(2.0) 
7. N 
Found 
(Calcd.) 
19.7 
(19.8) 
17.9 
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15.2 
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14.1 
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12.6 
912.7) 
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24.1 • 
(23.4)^ 
21.7 
(22.2) 
Mol. Wt. 
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INTRODUCTION 
Organ ic i s o t h i o c y a n a t e s RNCS(R=alky l , a r y l o r a c y l ) a re 
v e r s a t i l e Lewis bases and t h e i r c o o r d i n a t i o n c h e m i s t r y has 
b e e n t h o r o u g h l y i n v e s t i g a t e d 1 0 3 , 1 0 4 ^ T h e y b e h a v e as 
amb iden ta te l i g a n d s p r o v i d i n g d i f f e r e n t c o o r d i n a t i o n s i t e s t o 
meta l i o n s . The c h e m i s t r y o f d e r i v a t i v e s l i k e Rj^E(NCS)2_^ 
(R=CH3, CgHg o r CgFg and E=P o r As) where t h e NCS group i s 
bonded t o a non-meta l atom o t h e r t han c a r b o n , e s p e c i a l l y t h e 
g r o u p - X V e l e m e n t s i n t h e p e r i o d i c t a b l e , i s s c a r c e l y 
d e s c r i b e d in thp l i t e r a t u r e . However, a few members o f t h i s 
c l a s s o f compounds have been known'^ '^" ' '^^^ f o r q u i t e a long 
t i m e . O r g c i n o p h o s p h o r u s i s o t h i o c y a n a t e s R P ( N C S ) 2 and 
(0R)P(NCS)2 a re r e p o r t e d ^ ^ ° ' ^~^° ' ^^^ t o fo rm i n n o n - p o l a r 
s o l v e n t s f rom r e a c t i o n o f t h e a p p r o p r i a t e ha l ophosph i ne w i t h 
a t h i o c y a n a t i n g a g e n t . However, f o rme r c l a s s o f compounds 
i n v a r i a b l y d e c o m p o s e i f i s o l a t i o n f r o m s o l v e n t i s 
p on 
attempted . The low stability of RP(NCS)2 may be one of the 
possible contributing factors to the lack of interest shown 
in the study of their reactivity towards metallic substrates. 
It has, recently, been reported that stabilization of an 
unstable phospha-alkyne can be achieved by complex formation 
with a metal. It is thus likely that the fragile elemento-
organic moiety like -P(NCS)2 possessing electron rich centres 
can be stabilized through coordination to metals. This 
chapter describes the investigations of the reactivity of the 
1 7 2 
elusive phosphorus(III) derivatives RP(NCS)2 (R=CH3 or CgH^) 
towards transition metal ions and the isolation of stable 
complexes in which the -P(NCS)2 moiety is stabilized via 
coordination through its P and or S atoms. 
1 T 3 
EXPERIMENTAL 
Reagents used: 
The hydrated metal chlorides e.g. MnCl2.4H20 (Glaxo-
India), NiCl2.6H20 (E. Merck) CoClg .6H20(s.d.Fine Chem. 
Ltd.) and CuCl 2 • 2H20( BIIH., England) were commercially pure 
samples and dehydrated before use while VCI3 (BDH, England), 
FeClg (s.d. Fine Chem. Pvt. Ltd.), CHgPClj (Aldrich) CgH5PCl2 
(Aldrich) were used as received. AgSCN was prepared according 
to established method^^^ by the use of KNCS (E. Merck) and 
AgNOj (Glaxo-India). Acetic anhydride, dichlormethane, 
Ether, n-hexane were dried before use. 
PREPARATION OF THE PRECURSORS: 
Dehydration of MnCl2.4H20 : Hydrated managnese chloride was 
stirred in excess acetic anhydride for 30 mts. and then 
refluxed for about 4 hrs. The solid was filtered off and 
dried under vacuo. Then it was washed thoroughly with ether 
till the pungent smell of acetic anhydride ceases to come. 
Preparation of silver thiocyanate^^^: A solution of AgNOj 
(1.69 gm, 10.0 mmol) in distilled water was treated with the 
stoichiometric amount of KNCS (0.97 gm, 10.0 mmol). The 
precipitate formed was filtered, washed and dried in vacuo 
a t 7 0 ° C . '• ' •• • 
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Preparation of methyldiisothiocyanatophosphine, CH3P(NCS)2: 
An excess of silver thiocyanate (2.48 gm, 15.0 mmol) was 
reacted with CH3PC12 (0.58 gm, 5.0 mmol) with continuous 
stirring in 20 ml CH2C12- It was stirred for 2 hrs. at room 
temperature under a dry nitrogen atmosphere. The excess of 
AgSCN and AgCl byproduct were removed by filt ration in a 
closed system through a sintered glass frit. The colour of 
the solution was light pinkish yellow. Evaporation of the 
solvent under reduced pressure has provided a reddish brown 
oil which after spectral and micro analyses was found to 
contain decomposed products (Please see Results and 
Discussion). 
Preparation of phenyldiisothiocyanatophosphine,CgH5P(NCS)2: 
Dichlorophenylphosphine (0.9 gm, 5.0 mmol) taken in 5 ml 
CH2C12 was added to a solution of silver thiocyanate (2.4 gm, 
5.0 mmol) in 15 ml CH2CI2 with continuous stirring at room 
temperature. The reaction mixture was allowed to stirr for 
Ca. 2 hrs. to ensure the completion of the reaction. It was 
then filtered off to remove the unreacted AgSCN and byproduct 
AgCl impurities. The removal of solvent yielded a dark red 
coloured oil which was found to contain the decomposed 
products. 
PREPARATION OF THE COMPLEXES: 
Reactivity of methyldiisothiocyanatophosphine and of 
phenyldiisothiocyanatophosphine towards anhydrous metal 
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chlorides; Isolation of stable transition metal complexes of 
the type 1;M(L)C1] Cl, [Where M^Mn(XLV). (XLVI): Co, (XLVII). 
(XLVIII): Ni (XLIX). (L); Cu (LI), (LH) and L=CH3P(NCS)2 or 
CgHgPCNCS)^] and [M(L)Cl]Cl2 [Where M= Fe (LIII). (LIV): V 
(LI), iL^ll) and L= CH3P(NCS)2 or CgH5P{NCS)2] and [Cu (D^ 
01] [where L = CH3P(NCS)2 (LVII) or CgH5P(NCS)2 (LVIIDI: As 
both the Vigands exhibited the tendency to decompose in the 
absence of the solvent, it was decided to use in-situ 
condition to examine their reactivity towards anhydrous metal 
chlorides viz. VCl3, FeClg, MnClg, C0CI2, NiClg, CuClg, CuCl. 
The reaction procedure adopted and the isolation of the final 
products for the individual reactions were almost identical, 
it is therefore, worthwhile to describe only the general 
procedure as below: 
A freshly prepared solution of the ligand (C^.5.0 mmol) 
in CHgClg was directly filtered to a vigorously stirred 
suspension of the equimolar amount of the metal salt in the 
same solvent (£a. 30-40 ml) in a closed system with dry N2 
atmosphere at room temperature. Sharp colour change in some 
of the cases were observed and the reaction mixture was 
stirred for Ca. 2-3 hrs. It was decanted to remove unreacted 
metal salt from the mother liquor which was concentrated by 
vacuum evaporation and mixed with Ca, 30-40 ml of n-hexane, 
kept at 5°C for about 1 or 2 day(s) yielding stable solid 
compounds which have been filtered, washed and dried in 
vacuo. The compounds were fairly stable in air. The colour 
1 T 6 
and melting points for the individual complexes have been 
illustrated in Table-XVII. 
-J T y 
RESULTS AND DISCUSSION 
The reaction of RPCl2(R = CH3, CgHg) with AgSCN is, 
apparently a metathetic exchange i.e. 
RPC12 + 2AgSCN RP(NCS)2 + 2AgCl ...(48) 
R = CH3, CgHg. 
The complete conversion of the substrate RPClo (R^CHo.CgHc) 
into diisothiocyanate analogue has been ascertained by 
monitoring the i.r. spectrum of the reaction mixture at 
stages. The complete disappearance of the characteristic 
'p(P-Cl) stretching vibration at 520 cm" with the concomi-
tant appearance of new band at 1160 cm" assignable to V (P-N) 
stretching vibration in addition to other character-
istic^ °^ ' ^  "  '^  ' 2^° ' ^ ^^ V asym "^^ ^ V asym ^^^ vibrations 
(Table-XVI) indicate the complete conversion into the product 
CH3P(NCS)2 or CgH5P(NCS)2 without any trace of unreacted 
substrate in the reaction mixture. Thiocyanate group if 
bonded through S atom to the organic substituent as R-SCN are 
termed as organic thiocyanates or normal thiocyanates. The 
characteristic i.r. frequencies for such linkage is reported 
to be exhibited at 2150-2200 and 670-700 cm"^ assigned as 
pseudo-antisymmetric and symmetric NCS stretching vibration. 
However, if bonding is through N atom it has been named as 
isothiocyanates (R-NCS). In organic isothiocyanates (RNCS) 
the three important stretching modes which could be expected 
Q q 
t o appear a r e t h e R-N s t r e t c h , t h e N-C s t r e t c h and C-S 
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stretch. These three modes would be expected to interact and 
mix with each other because of the extensive N-C-S A -system 
and because of the similarity in energy. In particular, the 
N-C stretch and C-S stretch are known to be highly 
mixed and indeed have been labelled as NCS asymmetric stretch, 
V asym ^^CS) and NCS symmetric stretch, l) gy^ (NCS) 
vibration respectively. The free organoisothiocyanate ligands 
exhibit the )) ^g (NCS) in 2300-2000 cm~^ region and 
the )) g (NCS) in 900 cm" region prepondering . wi th the 
canonical space structures (shown below) in which structure 
qq 
(II) predominates i.e. 
R —N=C = S -• • R — N = C - S ' 
(I) (II) 
(Figure-XXXIII) 
In the present moiety i.e RP (NCS)2 too, the V asym^^^^^ "^^ ^ 
V g (NCS) vibrations are indicated at 2040 and 960 cm" ^  
respectively (Table-XVI) confirming the predominance of the 
canonical structure B out of the two possible resonating 
forms i.e. 
17 9 
+6 8-
N=C=rS: N S C - S : 
• / . / 
R P •< » R -p 
\, . \ +6 6-
(A) (B) 
(Figure-XXXIV) 
Furthermore, the i.r. spectrum of the ligand solution did not 
show any band in 1300-1350 cm" region characteristic of 
V (P=N) stretching vibration . This reveals that the lone 
pair on phosphorus atoms is apparently lying free which 
may be rationalized in terms of its directional nature 
o 
(sp^ hybrid.) and is in apt to dilute the positive charge on 
nitrogens i.e. it does not interact with the NCS bonding and 
the positive charge on nitrogen remains localized as in 
structure B.(Figure-XXXIV). 
Moreover, it is well known that N-C-S has a tendency to 
adopt a linear skeleton. In isothiocyanates, linkage is 
through nitrogen of the NCS moiety. In the present RPCNCS)^ 
system, considering the molecular model, phosphorus 
(sp hybrid) is covalently bonded to NCS through nitrogen in 
the way that il is not co-linear with NCS skeleton rather 
1 eo 
makes an angle less than 180*^  s i m i l a r t o t h a t repor ted 
f o r HNCS system where hydrogen atom i s always bent from the 
res t NCS bonding. 
The e f f o r t to i s o l a t e the l igands RP(NCS)2 in neat form 
i . e . f ree from the so lvent through-vacuum evaporat ion of the 
s o l v e n t f rom the r e a c t i o n m i x t u r e has r e s u l t e d i n a dark 
redd i sh brown syrupy o i l . The r e s u l t s o f t h6 e l e m e n t a l 
analyses of the o i l d id ne i the r provide reproduc ib le data nor 
were in agreement w i t h the expec ted s t o i ch i omet ry o f t he 
product RP(NCS)2. The i . r . spectrum of the neat o i l showed a 
number of new bands in a d d i t i o n to those i nd i ca ted i n Table-
XVI. The a d d i . i o n a l bands at 1270 and 760 cm~^ can 
be a t t r i b u t e d t o i ^ ( P = 0) and )) (P = S) s t r e t c h i n g 
v i b r a t i o n s ' ' r e s p e c t i v e l y . T h i s i n d i c a t e s t h a t 
RP(NCS)2 i s uns tab le i n the absence o f t he s o l v e n t and 
decomposes i n to corresponding phosphoryl and th iophosphory l 
s p e c i e s . The p r e c i s e c o m p o s i t i o n o f t h e d e c o m p o s i t i o n 
p r o d u c t ( s ) has n o t been d e t e r m i n e d . T h i s b e h a v i o u r o f 
RP(NCS)2 i s i n c o n t r a s t t o t h a t o f t h e c o r r e s p o n d i n g 
(R0)P(NCS)2 which is known to be f a i r l y s tab le under normal 
0 '^  f^  
c o n d i t i o n s . ' The ex t ra s t a b i l i t y of the l a t t e r system may 
reasonably be accounted f o r an a d d i t i o n a l over lap between the 
f i l l e d non-bonding p TT - o r b i t a l of oxygen and the empty low 
l y i n g d T T - o r b i t a l - on phosphorus. T h i s a d d i t i o n a l (P-OR) 
TV bond ove r l ap i n phosphorus (V) d e r i v a t i v e s i s known t o 
18 1 
p O C 
influence their reactivity towards nucleophiles. The 
absence of similar 7T -overlap in RP(NCS)2 niay have a 
labilizing effect. However, the fragile RP(NCS)2 (R=CH3,CgH5) 
shows considerable reactivity towards transition metal ions, 
affording stable microcrystal1ine solid compounds. 
The cole melting point and results of elemental 
analyses of the solid compounds obtained from the reaction of 
the ligands RP(NCS)2 with metal chlorides are shown in Table-
XVII. These are monomeric in nature behaving as 1:1 
electrolytes except for (LVII) and (LVI11) [which are non 
electrolyte] and (LIU), (LIV) . (LV), (LVI) [1:2 electrolyte] 
in DMSO^ -^ "^ . 
The important bands observed in the i.r. spectra of the 
compounds have been summarized in Table-XVI. It is evident 
that the position of the characteristic V „_.,_, and 
a o y 111 
V gyr^ NCS f r equenc ies do not change s i g n i f i c a n t l y a f t e r 
complexat ion from t h a t in the f ree l i g a n d . The N-C-S bonding 
may p r o v i d e t h e f o l l o w i n g t h r e e p o s s i b l e niodes o f 
coo rd ina t i on to metal ions. Coord inat ion through n i t rogen 
atom, would r e s u l t in a decrease in the bond order between 
c a r b o n and n i t r o g e n atom i n d i c a t i n g p r e d o m i n a n c e o f 
s t r u c t u r e A (Figure-XXXIV) in complexes. This e f f e c t would be 
r e f l e c t e d by a large negat ive s h i f t in the V asvm^^^^^ 
s t r e t c h i n g frequen-cy compared t o t h a t i n t he f r e e " l i g a n d . 
However, c o o r d i n a t i o n th rough S atom o f NCS group w i l l 
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m a i n t a i n the predominance of s t r u c t u r e B, c o n s e q u e n t l y , 
v'g^y^CNCS) frequency w i l l remain una f fec ted . Coord inat ion 
i n v o l v i n g the C-S bond s i m i l a r to t h a t repor ted by Baired 
and W i l k i n s o n i n [ R h { ( g H 5 ) j p j 2 ( P h P N C S ) j C 1 ] and 
[ P t { ( C g H g ) 3 P } 2 ( P h P N C S ) ] may a l s o be e n v i s a g e d . The 
c h a r a c t e r i s t i c NCS f requencies f o r such mode have been shown 
to l i e in the range 1700-1600 and 850-750 cm~^ f o r asymmetric 
and symmetric NCS v i b r a t i o n s r e s p e c t i v e l y . 
In view of the o b s e r v a t i o n t h a t t he c h a r a c t e r i s t i c 
p o s i t i o n of NCS f requencies do not change s i g n i f i c a n t l y from 
t h a t observed in the uncomplexed l igand (Table XVI) i t can 
u n e q u i v o c a l l y be preponded t h a t i n t he p r e s e n t complexes 
coo rd ina t i on i s through the sulphur atom. Sulphur atom a 
p o o 
class(b) on Pearson's scale '^^°^ is, considered a good donor 
site for class(b) metals. In the present complexes, the 
observed extra basicity of S atom in comparison to N atom in 
the -P(NCS),, moiety with class(a) metals is probably, the 
result of the additional free lone pair at sulphur. The lone 
pair at nitrogen is partially used in bonding within the NCS 
group. Furthermore, sulphur is a weaker-donor, the M-S bond 
p "5 q 
is stabilized, probably, by an additional 7V-back bonding 
from metal ion to sulphur atom. The characteristic M-S bond 
•f pq 
frequencies have been observed at the expected position in 
the far i.r. region. The characteristic )) (M-Cl) andi^(M-P) 
stretching frequencies are also indicated at the appropriate 
positions .As the lone pair at phosphorus is free and does 
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no t i n t e r a c t w i t h t he NCS bond ing ( v i d e s u p r a ) . owing t o i t s 
d i r e c t i o n a l n a t u r e ( s p h y b r i d ) , c o o r d i n a t i o n t h r o u g h 
phosphorus atom may no t e x h i b i t any o b s e r v a b l e e f f e c t on the 
s t r e t c h i n g f r e q u e n c i e s o f t h e -NCS s k e l e t o n . I t can 
t h e r e f o r e be e m p h a s i z e d t h a t , l i k e t h e u n s t a b l e 
O'iO 
phospha-alkyne the labile (RP(NCS)2, too, is stabilized 
via complex formation with metal and the -P(NCS)2 moiety is 
retained in the complexes. 
31 The P n.m.r. spectra of the complexes recorded in 
d DMSO showed a single resonance between +18 to +45 ppm 
region using 85% HjPO^ as external reference. The signal 
1 1 D 9'^d ?? 1 
lies considerably up-field compared to that ' ' in the 
uncomplexed moiety but is in the range reported for 
transition metal phosphine complexes ^^^, Thus chelation to 
metal ion is accompanied by a large increase in phosphorus 
shielding, probably due to additional overlap between the 
empty P(3d 7T ) and metal (3d7T ) orbitals effecting t#e 
delocalization of the metal electrons. The observed 
broadening of the signal [excepting (XLIX), (L), (LVII) and 
(LVIII) ] is due to the presence of paramagnetic species in 
the solution: may be arising as a result of dissociation or 
square-planar ^ = = z = = ::^  tetrahedral or high spin ^ = = = = :? low 
spin equilibria. 
The results of the reflectance spectra and magnetic 
susceptibility of the complexes have been summarized in 
1 S 4 
Table-XVIII. The observed magnetic moment value /^  g^^ of 
(XLV) and (XLVI ) is in the range reported for high spin d 
configuration of the metal ion. The reflectance spectra of 
(XLV) and (XLVI) are identical in nature containing weak 
bands in the visible (ligand field) region. The weak 
intensity of the bands is due to the forbidden natijre of the 
originating transitions arising from the S ground sate to 
the quartet excited states derived from the G and D levels 
as indicated in Table-XVIII. In view of the present studies a 
tetrahedral geometry is proposed for (XLV) and (XLVI). 
The /u g^^ value of (XLVII) and (XLVIII) (Table-XVIII) 
indicates a high spin d configuration of the cobalt ion in 
the complex. The position of the bands observed in the 
reflectance spectrum are characteristic of a tetrahedral 
environment around the cobalt ion. 
The magnetic moment measurements for the complexes 
(XLIX) and (J=) showed them to be diamagnetic in nature and 
the bands observed in the reflectance spectrum are 
characteristic of square-planar geometry of nickel(II) 
fi 1 
ion. The ground state for the d mckel complex is A^ and 
three peaks observed in the reflectance spectrum at 29,300, 
23500 and 14,280 cm"'' for (XLIX) and 28,500, 23,800, 
14,280 for (_L) are assigned to the transition B^^ < A^ , 
1 1 3 1 
Agn < A^- and A2q < A^  respectively. The 
1 e s 
diamagnetic nature of the compounds, further, confirms the 
square-pTanar geometry of the molecule, 
The magnetic moment value of ( L_L) and ( LI I ) i s 
consistent with the d configuration of the copper ion. A 
single broad band has been observed in the ligand field 
region of (LJ) and (111) [at 18,200 cm""" (LI) and at 
19,650 cm~ (LII)] which can be assigned to the d-d transition 
of pseudo-tetrahedral environment around copper(II) ion. For 
regular tetrahedral copper (II) complexes the region (10,000-
- 1 • 1 7 "i 
20,000 cm IS reported to be blank. The absence of a 
band in the 14,000-16,000 cm" region, however, rules out any 
possibility of square-planar geometry for the complexes. 
These observations indicate that (LJ.) and (LII) is a genuine 
copper ( I_X) complex which seems to constitute unusual 
behaviour of RP(NCS)2) compared with that known for 
reactions of (CgH5)2P or substituted hal aphosphines with 
Cu(II) salts, which invariably result in redox process with 
generation of copper(I) species. 
The /U Qff value of (LIII) and (LTV) is much lower 
from the calculated spin only value expected for high spin 
d configuration of the metal ion. This is probably due to 
the antiferromagnetic interaction, a well known behaviour 
reported for some of the iron complexes. The ligand field 
spectrum contained bands with weak intensities because the 
1 3 6 
exc i t ed s ta tes are of d i f f e r e n t sp in m u l t i p l i c i t y from the 
ground ( A^) s t a t e . Out of the nine expected s e x t e t - q u a r t e t 
t r a n s i t i o n s from A. to quar te t exc i t ed s ta tes der ived from 
G, D, P and F l e v e l s , the observed band p o s i t i o n s w i th 
t h e i r assignments have been shown i n T a b l e - X V I I I . The 
m a g n e t i c moment and o b s e r v e d bands i n t h e r e f l e c t a n c e 
spectrum of (LA )^ and (LVI) are i n d i c a t i v e of a t e t r a h e d r a l 
c o n f i g u r a t i o n around vanadium i on . 
The compound ( L V I I ) and (LVI11) were d i a m a g n e t i c i n 
n a t u r e . The expected d iamagne t i c n a t u r e o f ( L V I I ) and 
( L V I I I ) and absence of any l igand f i e l d bands are due t o a 
d c o n f i g u r a t i o n of the metal i o n . However, t e t r a h e d r a l 
g e o m e t r y may r e a s o n a b l y be p r o p o s e d f r o m t h e o b s e r v e d 
s to i ch iome t r y , n o n - e l e c t r o l y t e nature of the s o l u t i o n s and 
i . r . spec t ra l i n fo rmat ions . 
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99fti, 
970* 
970i 
950w 
980t 
965« 
1145t 
11401 
11501 
H75t 
<!80i 
280i 
36Si 
390w 
350i 
300* 
295(11 
3 0 0 R 
TABLE-XVI 
Important tr. frequencies (cm~^) and their assignnents for RP(NCS>2 and the 
complexes. 
Coipounds CH3/C^H5 vibration Vajyj.NLS Vsy,.NCS ))(P-N) J>(M-S) i'(H-P) ^(M-Cl) 
Cf^P(»CS)2 2960w, 2920tf, 1390w, 2040s 960» 1155« -
1235s, 800i 
C.HcPi.NCSIg 1590i, 1445V5, 11305, 2020sb 970i» 1160t -
745$, 715t, 695v5 
CMn{CH3P(NCSl2)CnCl (XLV) 2955w, 2920v, 1390*, 2030s 955i, 1150s, 290t 375* 300t 
12355, 795t 920* 
CHn{C^H5P(NCS)2}Cl]Cl (XLVl) 1590i, 1440vs, 1120s 2020* 
750t, 725s, 6905 
[Co{CH3p(NCS)2}CnCl (XLVII) 2950v, 2910w, 1395*, 2060s 
1240, 810» 
CCoa^HsPINCSigKnCKKLVIII) 1590i, 1450s, 1130», 2070s 
760t, 7205, 695s 
CNi{CH^(NCS)g}Cl]Cl (XLIX) 2950*, 2900*, 1390*, 2030s 970t, 1140s 280i 350sh 320» 
1230s, 790i 950* 
CNi{C^H5P(NCS)2}Cl]Cl (L) 1590t, 1440vs, 11305 2040sb 980i 1150i 275« 350sh 320HI 
760i, 730V5, 695V5 
CCu{CH3P(NCS)2}ClXl (LI) 2970*, 2930*, 1390*, 2070s 960i, 1160i 295i 345* 300i 
12355, 800* 930* 275* 
CCu{C^H5P(NCS)2}CnCl (LH) 1595«, 1430v5, 1130s, 2060» 965i, 1150i 290», 330sh 310«. 
740i, 730VS, 695VS 945* 270* 
CFe{CH3P(NCS)2)CnCl2 ( L I I I ) 2960*, 2910*, 1380*, 2030t 980t 1140i 280i 320sh 300ffi 
12405, 790i 
[Fe{C^f^P(NCS)2}ClXl2 (UV) 1630i, 1420s, 1130s, 2040i 970i 1145* 290i 325sh 310t 
750«, 725s, 690s 
CV{CH3P(NCS)2)CnCl2 (LV) ;?950*, 2900*, 1390* 2030i 950t 1140t 280t 350* 300t 
1240s, 8005 
CV{C^f^P(NCS)2}C13Cl2 (LVI) 1620i, 1420t, 1130s, 2010a 960t 1150t 290t 360sh 305ii 
750III, 725t, 690s 940* 270* 
CCu{CH^(NCSl2}Cl] (LVII) E960*, 2910*, 1300, 2070t 960*b 1155i 290t, 330sh 300B 
1250s, 810i 270* 
[Cu{C^H5P(NCS)2>Cl] (LVIII) 5?0i, 1440vs, 1135s, 2080s 980i 1150t 290t, 325sh 310. 
750t, 730v5, 695v5 265* 
vs - very strong, s = strong, * = iediui, w = *eak 
CoipU^es 
TABL£-mi 
Physical lUU of Ue RP(Ni:S)2 cnHlues. 
M.pt Colour 
(»C) 
Found (Calculated)! ''^M(Oh«"^ca^flr 
H N CI 
CMn{CH3P(NCS)2>Cl]Cl (XLV) '50 
[Co{CH3P(NCS)2)Cl]Cl (KLVII) 260 
[Cu{C^H5P(NCS)2}Cl]CI (IJI) 280 
CV{C (^NCS)2}CnCl2 (IV) 160 
light 
yellow 
C«n{C^ H5P(WCS)2}C13Cl (XLVI) 175 -do-
greenish 
yellow 
[Co{C^H5P(NCS)2}ClKl (XLVIII) 310 -do-
CNi{CH3P(NCS)2}Cl]Cl ()1IX' 235 yellow 
CNilC6H5P(NCS)2}Cl]Cl (L) 280 -do-
CCu{CH3P(NCS)2}Cl]Cl (LI) 147 chocolate 
-do-
CFe{CH/(NCS)2}Cl]Cl2 (Ui l ) 140 orange 
CFe{CH^^(NCS)2}Cl]Cl2 (LIV) 165 -do-
greenish 
yellow 
CV{CH^^(NCS)2)Cl]Cl2 (Ll^) 195 -do-
CCu{CH3P(NCS!2}Cl] (LViU) 202 off-¥fiite 
CCu{CH^H5p(NCS)2}Cn (LVIII) 220 -do-
12.62 1.02 9.52 23.98 19.91 67 
(12.51) (1.04) (9.73) (24.63) (19.09) 
27.44 1.40 8.3 20.84 16.20 71 
(27.44) 11.40) (8.0) (20.27) (15.68) 
12.41 1.06 9.35 24.95 20.85 56 
(12.34) (1.03) (9.60) (24.30) (20.20) 
27.13 1.43 7.6 20.2 16.4 54 
(27.11) (1.40) (7.6) (20.0) (16.6) 
12.27 1.02 9.58 24.15 20.36 60 
(12.35) (1.03) (9.60) (24.32) (20.13) 
21.16 1.40 7.90 20.12 16.18 67 
(21.14) (1.42) (7.90) (20.00) (16.00) 
12.18 1.06 9.42 23.75 21.52 53 
(12.14) (1.01) (9.44) (23.92) (21.43) 
27.05 1.42 7.84 19.76 17.92 55 
(27.00) (1.40) (7.821 (19.78) (17.7) 
11.07 0.91 8.58 32.78 17.12 118 
(11.10) (0.93) (8.641 (32.81) (17.23) 
24.80 1.34 7.0 27.50 14.40 121 
(24.85) (1.30) (7.20) (27.54) (14.44) 
11.31 1.02 8.81 33.81 16.22 116 
(11.28) (0.94) (8.77) (33.31) (15.95) 
25.15 1.30 7.35 27.93 13.51 115 
(25.17) (1.32) (7.35) (27.90) (13.34) 
13.81 1.16 10.72 13.67 24.95 20 
(13.79) (1.15) (10.73)(13.58) (24.35) 
29.74 1.49 8.40 11.21 20.05 15 
(29.72) (1.50) (8.60) (10.98) (19.65) 
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Reactions of N-trimethylsilyl-imidazole and -2-methylimidazole 
with anhydrous C0CI2 and [Co(Ph3P)2Cl2]; synthesis and 
physicochemical studies on two-coordinate cobalt(II) 
complexes 
/afar Ahmad Siddiqi*, Shdhia Nusrat Qidwai, Mainioona Jaria and Mohd. Shakir 
Dutston 0/ hwniaiuc Chemtslrx DiparlmenI o] Chemisir), Ahi/urh Muslim Uiiueml) Alic/arh-203002 
Sunimarj 
Reactions of A-trimelhylsilylimida^olc and /V-trniiethyl-
Ml>l-2-ini.lh>hniida/'i)li. wilh C oC I, yield tliloro(iniida-
^oldto)cobull(n). (I), or (.hloro(2-methyiimidd<;old(o)-
cobalt(II) (2) Ho\\cver, Ihe eorresponding reactions 
of [Co(Ph,P),Clj] cause total removal of PhjP along 
vuth the substitution of both the chlorine atoms 
yielding bis()mida/olalo)toball(Il) (S), or bis(2-melhy]-
imidazolato)cobalt(II), (4), m the form of light blue 
microcrystalline solids The complexes have been charac-
(enied by elemenUl ana/ysts, malecuUr wei$h(, and 
magnetic susceptibility measurements, and i r, reflectance 
and electronic spectra The results are consistent with 
formulations as rare examples of two-coordinate 
cobalt(n) derivatives 
Introduction 
Transition metal complexes of imidazole have been the 
subject of considerable investigations during the last two 
decades because they are models for histidyl residues of 
proteins or of bovine erythrocyte superoxide dismutase 
Attempts by previous workers'" to prepare imidazolato-
complexes of first row transition metals employing 
transition metal salts and imidazole in aqueous media in 
the presence of KOH have yielded polymeric substances 
which neither melt nor dissolve in any solvent We have, 
however, observed that trimethylsilylimidazole and tri-
methylsilyl-2-methylimidazole are suitable reagents for 
the synthesis of monomeric imidazolato-complexes which 
melt sharply and are soluble m most non-polar organic 
solvents The reaction of the tnmethylsilyl group in 
trimethylsilylimidazole towards C—CI bonds to form the 
corresponding A'-substituted imidazole derivatives is 
quite well known'^ •" However, to our knowledge, no 
report has appeared'*' in the literature regarding the 
reactivity of trimethylsilylimidazole towards M—CI 
bonds of first row transition metal chlorides or of 
their complexes It has recently, been reported'" that 
(MejSiN)jS reacts with VCI4, VOCI3 or WCl^ produc-
ing mctalla-cycies (Cl„MS2N,)x. wth delocalized 
7i-electrons 
We here report the reactions of JV-trimethyl-
silylimidazole and iV-tnmethylsilyl-2-methylimidazole 
with anhydrous CoClj and [ColPhjPljClj] affording 
(1 )-(4) The physico-chemical data presented here sug-
gest that these compounds are examples of uncommon 
two-coordinate cobalt(II) derivatives Another known 
example"'' of this kind is bis[di(tnmethylsilyllamino]-
cobaltdl) 
' Aulhor 10 whom ill c<jrri.s[>i'iiJi.ni.t Ounild bt t i iat t td 
Results and discussion 
The elemental analyses and stoichiometrics ol the pro-
ducts are indicated in Table I I or the reactions ol t oC I 
with trimethylsilylimidazole,and tnmethylsilyl 2-iiitlhvl-
imidazole, the final product in each case has been 
characterized as [CoLCl] (L = imidazolale or 2 
methyhmidazolate)evcn though the silyl reagents wen. in 
excess (1 2 8) to that required for the total removal ol 
chlorine as McjSiCI 
CoCij + M83S1 N 1 +^ ciCo ' Me,SCi 
R = H, (O 
R = Me, f2) 
There is no indication of even traces of melallic cobalt in 
either reaction, as has been reported'^' for the reaction of 
LiNEtj with C0CI2 
Reactions of [ColPhjPj^Clj] with the reagents release 
all the PhjP (experimental section) It is surprising that 
PhjP, a strong Tt-acid, is liberated'*' This has been further 
substantiated by the observation that the attempt to 
obtain [Co(Ph3P)„L2] (n = I or 2) by reaction aid) and 
(4) with PhjP m lelrahydrofuran (THF) leads to the 
isolation of unreacted starting materials The analogous 
compound [Co{N(SiMe3)2}2], prepared by Burger 
el a/"', also does not form a complex with tetrahydro-
furan, a strong a donor However, the reaction ol 
LiN(Me3Si)2 with [Co(Ph3P)2Cl2] is reported'"' to yield 
the complex [Co(Ph3P){N(Me3Si)2}2], m which the n-
acceptor properties of PhjP are supposed to play an 
important role 
The complexes are sensitive to air, turning to dark blue 
sticky hquids and are readily solvolysed by water and 
alcohol, forming pink solutions They are fairlv soluble in 
Table 1. Elemental analyses of the complexes 
Complexes 
[Co(Iz)Cl] 
[Co(Melz)CI] 
[Co(lz)2] 
[ro(Mel7)j] 
\i~ imidj/ol.ilt 
Found {Calcd )", 
C H N M f l 
22 2 16 17 3 WO 20« 
(22 3) (19) (17 4) (36 5) (22 0) 
27 8 2 5 154 32 7 200 
(27 4) (2 9) (16 0) (33 6) (20 2) 
28 5 2 4 22 1 45 4 
(28 6) (2 4) (22 2) (46 8) 
342 31 199 418 
(14 3) (16) (20 0) (12 1) 
M t l / - nicihiliniKl i/ol ik 
M V\i 
found 
ICalcd 
172 
(1611 
191 
(175) 
208 
(1911 
211 
i::oi 
0340 4285 8850100+ 12 I l')S8 ( Inpmin inJ Ihll I I 
Transition Mel Chem 13 244 246(1988) 
Table 2 Imidazole ring i(M N) and \(M —CI) frequencies (cm ') 
Complexes R, 
Reactions of W-trimct)iylsilyl-iniidazole 24 ^ 
[Co(l/)Cl] 
[Co(Me]z)CI] 
[Co(lz)j] 
[Co(Melz)j] 
154 "is 
1565s 
1555s 
154()s 
Rj 
1480m 
14S0m 
1475m 
1490m 
R3 
1420b 
1420s 
1425s 
1420s 
R4 
1345m 
1330m 
1350m 
1335s 
M-
385s 
390s 
385s 
375s 
M (I 
•!2()m 
Table 3. /i,r,(B M ), reflectance and electronic spectra (cm ') and their assignments 
Assignment 
CT 
••r.tP) % ( H 
\ (P) % (F) 
'\if-) 'Z. (1) 
t',f, 
[Co(lz)CI]* 
40800 30300 
(40200 31260) 
23220 
(22410) 
16600 
(16000) 
11500 
(11980) 
4 72 
[Co(Mel z)CI]* 
40520,30780 
(41120,32260) 
23300 
(22500) 
16670 
(16130) 
11360 
(12310) 
4 68 
[Co(lz)J« 
40550,30280 
(41270,31260) 
23200 
(2250O) 
16550 
(16250) 
11360 
(11790) 
4 52 
[Co(Melz),]* 
40500 30300 
(41030 30800t 
23480 
(23200) 
16800 
(15760) 
11560 
(11790) 
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•Positions in CH^Clj solution given in parentheses 
most non-polar organic solvents The molecular weights 
in (Table 1) suggest that all these compounds arc essenti-
ally monomenc in solution 
The characteristic 1 r imidazole ring vibrations 
(Table 2) are slightly shifted (10-20cm"') from the po-
sition in the free imidazole, similar to the spectra of 
transition metal imidazolato-complexes"" ' " and of 
[BH4,„L„]'(n = 2, 3 or 4, L = imidazolate and 2-
melh>l-imidazolate) A band at about 390 cm"' is at-
tributed to i(M— N) ij i(M —N) in imidazolatocom-
plexes appears""' at ca 250cm"' In [Mf^SiMejjj}^] 
(M = Co, Zn, Cd, or Hg) v(M—N) occurs at 
ca 390cm" '" ' ' '^', attributed to the 7t-donor nature 
of the ligand The same may be true in the present 
complexes The imiddzolato-moiety m the present com-
plexes could be acting as a four-electron donor (a and n) 
The band of medium intensity at about 320 cm"' arising 
in (1) and (2) is assigned"^' to v(M—CI) 
The electronic spectra in CH ^Cl^  (Table 3) are identical 
to the reflectance spectra of the solids, indicating the 
existence of similar species in solution as well as in the 
solid The peaks are reasonably assignable to transitions 
characteristic of a linear arrangement"'*' of ligands 
around cobalt(II) in D^h symmetry, similar to that 
reported"" for gaseous CoClj The electronic spectra in 
THF are, however, different, containing a strong band at 
15000cm"' with a shoulder at ca 17000cm'', attribut-
able to tetrahedral geometry""' around cobdlt(ll) This 
change from linear in the solid and in CHjClj solution to 
tetrahedral in THF solution may be due to coordination 
of THF in solution, which does not seem uncommon in 
view of a strong donor capacity"''' of THF Solutions in 
methanol and ethanol have a pink colour and visible 
spectra consistent with an octahedral geometry''" for the 
solvolysis product 
The observed magnetic moment values (Table 3) are 
consistent with a high-spin d' system"" As suggested 
earlier"" '•* ' " , the ligand field of two nitrogens in a linear 
arrangement should not be large enough to allow the 
mixing of non degenerate excited states, resulting in a 
higher n,„ value than the theoretical spin-only value 
Experimental 
The reagents used, PhjP, CoCl, 6H2O imidazole 2-
methylimidazole, and hexamethyldisilazane were com 
mcrcially pure samples The solvents THF CH,CI, 
petroleum ether, H-hexane, CHCI3 and PhH, were dried 
by literature methods'^"' C0CI2 was dehydrated'"" and 
[ColPhjPjjClj] was prepared by the reported nieth 
ods'^^' and checked by elemental analyses and 1 r Tn-
methylsilylimidazole was prepared as reported else-
where'^^' Trimethylsilyl-2-methylimidazole was pre-
pared in an analogous manner and the fraction distilling 
at 180°C and 20 torr were collected Found 54 5 9 1, 
18 1, calcd C,H,4SiN2, C, 54 50, H, 9 3, N, 18 2°„ 1 r 
3200-2900 sb, 1600 m, 1570 m, 1480 m, 1400 s, 1290 s 
1255s, 1180s, 1150s, 1050s, 985s, 850sb, 760s, 745s, 
650s ,620scm- ' , 'Hnmr ,0 39<5(8 7H),2 38(M3H)and 
685 (2H) 
Preparation ofchloro(imida:olato)cobalt(Il) and 
chloro(2-methyhmida:otato)cohalt(II) (I) and (2) 
N-tnmethylsilylimidazole or N-trimethylsilyl-2-methvl-
imidazole (2 94mmol) diluted with PhH(30cm'') was 
added dropwise to a round-bottomed flask containing 
CoCljil 05mmol) suspended in PhH(30cm'), with cont-
inuous magnetic stirring at room temperature under drv 
N2 atmosphere A light blue oil immediately formed and 
the reaction mixture was stirred for <u 0 5h The mother 
liquor was decanted, leaving an oily mass which was 
washed several times with petroleum ether and \acuum 
dried giving a microcrystalhne solid [m p 125 C !OT (I) 
and 98°C for (2)^ The crude product was dissolved in 
CH2Cl2(50cm''), filtered to remove impurity, mixed with 
«-hexane and kept at ca 5°C for about two weeks This 
gave light blue hexagonal crystals [m p 130 C for 11) 
and 102°Cforf2j] 
Preparation ofbis(imidazotalo)Lohalt(II) (S) ami 
bis(2-methylimida:olalo)cohall(II) (4) 
Trimethylsilylimidazolc (I28g, 9 2mmol) diluted with 
246 Z A Siddiqi etal 
PhH(IOcm^) was added dropwibe to [ColPhjPjjClj] 
(3 00g 4 6mmol) dissolved m THF(200cm^) with con 
tinuous stirring at room temperature under dry Nj 
atmosphere When all the MejSi imidazole had been 
added (ca 30 mm) the reaction mixture was vigorously 
stirred for an additional 0 5 h and left standing for 1 h The 
colourless mother liquor was decanted leaving a blue oil, 
which was immediately washed with PhH THF mixture 
then with petroleum ether and the washings were mixed to 
the filtrate mother liquor The mass was vacuum dried 
and 2 02g of a light blue amorphous solid (m p 135-
145° C) were obtained The mother liquor was vacuum 
dried giving 2 3 g of a colourless microcrystalline material 
(m p 79-82° C) which has been identified as PhjPfromi r 
and elemental analysis The mam product was recry 
stallized in CHjClj/" hex inu giving a microcrystalline 
solid melting at 147 C 
Bis(2-methylimidazolato)cobalt(II) was synthesized in 
the same manner by lakmg (0 45g 2 9 mmol) trimethyl-
silyl-2-methyhmidazole in PhH(20cm^) and (0 685g 
I 05 mmol) [Co(PhjP)jClj] m 1 HF(60tm^'lut room lem-
peritture The erude wiis retrysnilliiscd from Cfljl Ij/ 
n hexane giving a blue microcrystalline solid 
(mp 130 C) As before the mother liquor and washings 
afforded 0 55g Ph^P 
The elemental analyses were obtained by the Micro 
analytical Laboratory of the Indian Institute of Tech 
nology Kanpur Cobalt and chloride were estimated by 
EDTA titration'^*' and gravimetrically'^", respectively 
I r spectra(4000 200 cm ') were recorded as KBr discs 
on a Perkin Elmer 621 spectrophotometer Reflectance 
spectra of solid samples in MgO were recorded on Carl-
Zeiss VSU-2P spectrophotometer Electronic spectra in 
CHjClj, THF of MeOH were recorded on Pye Unicam 
8800 spectrophotometer at room temperature 'H n m r 
spectra were recorded in CDCI3 on a Varian A60D 
spectrometer using MCiSi as an internal indicator Mag-
netic susceptibihly measurements were carried out using a 
Faraday balance at 25° C Molecular weights were deter 
mined by the Rast method'^'' using camphor as a solvent 
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Summar) 
V-tnmcth>lsil\limidazoleand /V-trimethylsilyl-2-methyl-
imida/olc rcai.1 v.\\h MCI, yield [MLj](M = NiorCu, L 
= imidazolate or 2-inetli)limidazolate) The complex 
[NiL,] can also be prepared from [Ni(Ph,P),Cl2], 
[CulPhjPtjCl] yields [CulPhjP)^] The complexes are 
soluble in most non-polar organic solvents and experi-
mentally determined molecular weights suggest they are 
monomers in solution Magnetic susceptibility measure-
ments and reflectance and electronic spectra) studies at 
room temperature are commensurate with square-planar 
geometry for [CuL,] Although, the ligand field spectrum 
for [NiL,] IS compatible with a square-planar geometry, 
the anomalous /ij,f value suggests that the ground 
electronic state of Ni" in [NiLj] is near the magnetic 
cross-over point concomitant with the singlel-triplet spin 
state equilibrium The ir spectra exhibit characteristic 
imidazolate and Ph,P ring vibrations, and i(M N) and 
\(M — P) stretching vibrations at the appropriate frequ-
encies The synthesis and characterization of a Cu" 
comp)ex, formulated as [CulPhjPljLO], with letra-
hedral structure is described 
the substrate, )cading to re)ease ol McjSiCI 1 he results ol 
the elemental analyses and the experimentally determined 
molecular weight of the final products of ihc various 
reactions are given in Table 1 hor the reactions of 
anhydrous NiClj or CuCI, with trimethylsilyl-imidazole 
or-2-methylimidazole, the product, in each case has been 
identified as [MLj], suggesting the replaccmeni of both 
the chlorines by imidazolate moieties [Pquation (1)] 
• M (N I ) , 4-2Me,SiCl 
Y" y (I) 
M = Ni or Cu ^ I 
R = H (la) or (!h) 
R = Me (2a) or (2h) 
However, under similar conditions'^',, CoCI, yields 
[CoLCl] [N1L2] has also been obtained quantitalueK 
when [Ni(Ph3P)2Cl2] is reacted with the reageni 
[Equation (2)] 
Ni(Ph3P),CI, 
- I - 2 M e 3 S i N ' ^ - ^ N i ( N ^ ^ ) , - ) - P h , P 
Introduction 
The reactivity of the trimethylsilyl group in iV-trimethyl-
si)ylimida7o)e towards C - C) bonds has been we)) ex-
ploited for the preparation'" of N-substituted imidazoles 
A study of analogous reactions involving M —CI subs-
trates bond has been initiated, recently'^', by us CoClj 
and the complex [CofPhjPjjCl,] yielding'-" monomeric 
[CoLCl] and [CoL,] respectively, m which the imidazo-
late moeity is covalently bonded, with appreciable z 
donation, to cobaltfll) We thought it worthwhile to study 
the reactivity of the A'-silyhmidazole reagent towards 
various transition metal chlorides and their complexes 
with a view to using it to prepare monomeric imidazolates 
as well as mixed-ligand imidazolates This paper describes 
the reactions of A/-trimethylsilylimidazo)e and N 
trimethy)silyl-2-methylimidazole with N1CI2, 
[Ni(Ph3P)Xlj], CuClj and [Cu(Ph3P)ja] yielding 
(la)-(ih) Reactions of CuCI^ with PhjP together with 
the reagents yield a blue amorphous solid and the 
physico-chemical investigations presented here, suggest it 
IS [CulPhjPjiLCI] with a probable tetrahedral array of 
ligands around the metal ion (d'* configuration) 
Ktsu/ls and discussion 
The observed reactivity of/V-trimcthylsilylimidazole and 
i\-tnmethylsilyl-2-melhylimidazole towards transition 
metal chlorides and their complexes is reasonably as-
cribed to the affinity of the McjSi- group for chlorine in 
R R 4-2Me3SiCI (2) 
The n acceptor properties of Ph3P in the precursor 
usually plays an important role and is assumed to be 
generally operative''" in most of its reactions However, in 
(he reactions under discussion no such generalization is 
possible A similar mode of reaction for [Co(Ph,P),CUT 
IS apparent'^' 
The reaction with the precursor [Cu(Ph3P),Cl] libe-
rates one mole equivalent of Ph,P and \ields 
[CufPhjPljL] The reaction in this case may be 
represented 
Cu(Ph3P)3CUMe3Si -N/==1-. (Ph,P),Cu 
Ph,P-l-Me,SiCl 0) 
" Author to whom all correspondence should be dtrettcd 
R = H (3a), Me (3b) 
The reaction of CUCI2 with Ph,P is known to vicld''" a 
copper(I) complex However, under our conditions 11 has 
been performed in the presence of trimethyl-
silyl-imidazoleor-2-methylimidazole The final products 
in either case have the stoichiometry [Cu(Ph,P),l C I] 
(4a) or (4h) The physico-chemicil investigations iidt 
mjra agree with a d"* configuration for coppci wilh a 
tetrahedral ligand array 
All complexes are soluble in most organic solvents arc 
moisture sensitive and are hydrolvsed by water The 
experimentally determined molecular weight agrees with 
a monomeric structure The important characteristic imi-
dazolate and PhjP ring vibrations, as well as i(M N) 
(^M — P) and i(M—CD, stretching vibrations m the 
0140 4:8s S8SO"(00+ 12 1988 Chipmlil ind Hill l l 
318 Z A Siddiqi el al 
Table 1 Elementdl dndl>ses of the imid i/ole Loniplexeb 
Transition Met Chem 13 317-320(1988) 
Complex 
[N'(lz)J 
[Ni(Merz)j] 
[N.(lz)j]' 
[Ni(Melz)j]" 
[Cu(l?)j] 
[Cu(Ph,Plj(lz)] 
[Cu(PhjP,l,(Melz,)] 
[Cu{Ph,P},{h}CU 
[Cu(PhjP);(MeIz)CI] 
[Cu(Melz) ] 
Iz - (midazoiale Melz = meth 
(la) 
(Ih) 
(la) 
(lb) 
(2a) 
(^a) 
(3h) 
(•la) 
(lb) 
(2h) 
ylimidazolue 'obtaint 
Hound (Cdlcd)% 
C 
37 0 
(37 4) 
43 i 
(43 5) 
37 1 
(37 4) 
43 3 
(43 5) 
36 1 
(36 5) 
70 9 
(715) 
70 8 
(718) 
67 3 
(67 8) 
68 0 
(68 2) 
42 0 
(42 6) 
-d after following 
H 
30 
(3 1) 
43 
(4 5) 
30 
(3 1) 
42 
(4 5) 
30 
(3 0) 
49 
(5 0) 
50 
(5 2) 
47 
(4 8) 
49 
(5 0) 
39 
(4 4) 
Ihe reaction 
N 
28 8 
(29 1) 
24 9 
(25 4) 
28 9 
(29 1) 
25 1 
(25 4) 
27 8 
(2S3) 
40 
(4 3) 
41 
(4 2) 
39 
(4 1) 
37 
(4 0) 
24 2 
(24 8) 
shown by fqu 
M 
29 5 
(30 5) 
25 2 
(26 6) 
29 4 
(30 5) 
25 8 
(26 6) 
30 9 
(32 2) 
84 
(9 7) 
85 
(9 5) 
78 
(9 2) 
81 
(9 0) 
27 0 
(28 2) 
ation U) (See 
n 
-
47 
(5 2) 
42 
C^Ol 
text) 
Mol » l 
found 
(Calcd ) 
182 
(193) 
208 
(221) 
180 
(193) 
230 
(221) 
20S 
(198) 
63'i 
(65S| 
6 SO 
(669) 
678 
(690) 
715 
(704) 
21S 
(226) 
1 r spectra of the various complexes are bummari/ed in 
Table 2 which shows that some of the charactenslic 
imidazolate ring vibration bands overlap with that of the 
PhjP Nevertheless, bands which are diagnostic for 
imidazolate and/or PhjP are clearly indicated''^ ''' The 
absence of a strong band ilea 500 cm ~' (characteristic of 
PhjP) in (la) and (Ih) confirms the mode of reaction, 
Equation (2) The band of medium to strong intensity, 
observed in the 370-390cm"' region is assigned to 
i(M—N) The nature and position of this band is similar 
to that observed"' for bis(imidazolalo)cobalt(II) or bis(2-
methylimidazolate)cobalt(II) and lies in the range 
reported''" or bis{di(trimethylsilyl)amino) cobalt(II), 
zinc([I) or cadmium(II) The v(M —P) and v(M—CI) 
stretching vibrations are indicated at the appropnate 
positions"' " 
The electronic spectra (non-polar solvent) are nearly 
identical to the reflectance spectra of the solids (Table 3), 
indicating the presence of similar species in the solution us 
well as in the solid The band positions observed in (la) 
and (lb) are characteristic of a diamagnetic square-
planar nickel(n) complex'" However, the observed 
(Table 3) abnormal magnitude, n^„ [ta I O//,,) favours 
paramagnetism in the complex The ground electronic 
state of nickel(II) complexes (singlet diamagnetic or triplet 
paramagnetic) are exceptionally sensitive to geometry 
and or to the ligand field""*'"' strength The square-
planar nickel(n) complexes are generally considered to be 
diamagnetic (singlet ground state '/ti,) However, the 
ligand field treatment by Ballhausen and Liehr'"^"" sug-
gests that the square-planar configuration may be re-
tained even in triplet ground state It is, quite possible, 
that [NiLj] IS sq -pi with ' / ) , , ground state but mixed 
with or in equilibrium with paramagnetic species with 
triplet ground state A linear geometry with D^^ symme-
try, possessing a triplet ground slate"'", as reported to 
exist in free gaseous NiClj, may be invoked for [N1L2] 
The characteristic ligand field transitions for this highly 
paramagnetic d' system appear"" at 13000 and 
21700cm"' which are in close proximity to the \\\o lower 
energy bands (Table 3) of the sq -pi configuration The 
pyridyl nitrogen ofthe imidazole moeily IS known'" to be 
basic enough to coordinate metal ions In [NiL,] too 
which appears to be coordinatively unsaturated interac-
tion of the pyridyl nitrogen IS apparently significant e\en 
in solution, leading to the observed square planar 
geometry A spin state isomerism' may also be 
visulized In other words, the energy levels of different 
multiplicities are positioned with kT of each other making 
the complex near the magnetic cross-over point whereby 
population of both states become equally probable 
The broad band appearing at ca 14000cm ' m the 
ligand field spectrum o{(2a) and (2hj is assignable to the 
envelope of transitions M, j , ^B-^ , ^£j«-^B,, character 
islic of square-planar geometry"'" The observed /i^,, 
value IS consistent with a d ' configuration of copper 
The/jjf, values for f 4a) and f4fe)aresome-what higher 
from the calculated spin-only value (S = 1/2) as expected 
owing to the spin-orbit coupling contribution howeier 
they lie in the range normally observed for various 
copper(n) complexes"" The electronic spectra show a 
weak broad band at ca 22000cm ' m addition to the 
charge-transfer bands in the 450(X) 35000cm ' region 
The former weak band may be assigned to the blank''" of 
the tetrahedrally coordinated copper(II) ion which is 
generally indicated in 10000 20000cm"' region The 
mam d-d band expected in the near 1 r region could not 
be recorded as it lies beyond the range of our instrument 
A regular tetrahedral geometry, in view of well-known 
reasons'" '^', is unjustified, rather a fiattening""' from 
regular tetrahedral geometry do occur in some cases In 
(4a) and (4b), presumably the steric factor predominates 
and leads preferentially to a tetrahedral structure"' '"' 
Our data rule out any possibility for the formation of a 
reduced 1 e copper(I) species [t / reaction of CuCU with 
PhjP invariably yields''" a coppcr(I) complex] Fur-
thermore, the products contain one chlorine iide ^upra 
even-though, the reagents present in sufficient quantitv to 
Transition Mel. Chem., 13, 317 320 (1988) Synthesis with A'-trimcthylsilylimiduzolc 
Table 2. Imidazole- and PhjP ring. M--N, M — P, and M—CI frequencies (cm"'). 
.^19 
Complexes 
(la) 
(lb) 
(2a) 
(2h) 
(ia) 
IniiJu/ole 
1550s, 1480m, 1420s, 1340m; 
1570s, 1470m, 1420s, 1320m; 
1555s, 1475m, 1430s, 1320m; 
1550s, 1480m, 1420s, 1340m; 
1550s, 1480s, 1430s, 1320m; 
(ih) 
(4a) 
(4b) 
15.M1,. 1475s. 1430s. 1345m. 
1530s, 1480s, 1420s, 1320m; 
1550s, 1475s, 1430s, 1350m: 
I'hjP M-- N M CI 
-
-
-
-
1480s, 
1430s 
1090s 
740s, 
720s, 
510s, 
500s 
1475s, 
1430s. 
1100s, 
75()s, 
72()s, 
510s, 
490s 
1480s, 
1420s, 
1090s, 
740s, 
700s, 
510s, 
490s 
1475s, 
1430s, 
1090s, 
740s, 
700s, 
510s, 
490s 
390s 
390s 
375s 
375s 
370m 
380m 
370m 
375m 
_ 
-
-
-
270m 
270m 
320« 
t i O w 
3 TOW 
310w 
Table 3. /i,„ (B.M.)' and ligand field bands observed in the 
reflectance and electronic spectra in cm"' and their 
assignments. 
Complex 
Ha) 
(Ih} 
(2a) 
(2h) 
(4a) 
(4bl 
/'.rt 
0.9 
1 1 
1.86 
191 
193 
1 91 
Band position 
30300(295001 
23800(23300) 
14280(14500) 
30350(30300) 
2.3620(23500) 
14140(140001 
14500(14300) 
14260(14100) 
22700(22200) 
22000(21700) 
As.signmcnl 
'B^'-'A,. 
Aiii*~ 
''^i," 
' B „ - ' - 4 . , 
' • 4 2 , -
' ^ 2 , -
M,..^B;,.^/-:'--«„ 
M„.^B;,.y'£,-^B, 
blank 
blank 
Positions in CHjClj solution given in parentheses. 'Non SI unit 
employed BM = 0.9274 x 19""JT"' 
cause the replacement of both the chlorines. Sleric factor 
may be assumed to be operative in restricting the further 
substitution. The same argument seems valid to account 
for the release of one mole of PhjP from the reaction of 
[Cu(Ph3P)3Cl] with the reagents corroborating the reac-
tion given by Equation (3). In the absence of any spectral 
and magnetic data, and view of the analogy of the 
copper(II) complex, we assume that (ia) and (}b) are 
tetrahedral. 
Experimenlal 
Ph3P,NiCl2'2H20,CuCl2-6H20(allB.D.H.), imidazole, 
2-methylimidazole, (McjSijjNH (all E. Merck) were com-
mercially pure samples. Metal salts were dehydrated and 
the precursors [Ni(Ph3P)2Cl2] prepared by reported 
methods"", were checked by i.r. and elemental analyses. 
Solvents were dried before use. N-trimethylsilyliinidazolc 
was prepared as reported'"'. The preparation of /V-
trimethylsilyl-2-methylimidazolc has been described 
elsewhere''^'. The purity of the reagents was checked by i.i 
and 'Hn.m.r. 
Reactions of N-lrimcthylsilylimiiUizoU' or N-trinwthyl-
silyl-2-methylimiilazole with MCL [M = Ni (la) or 
(lb); Cu (2a) or (2b)] 
Trimethylsilyl-imidazole or -2-methylimidazole (5.0 
mmol) (diluted in THF (50cm') was dropped to the 
suspension of metal salts (2.5 mmol) in THF (150cm') 
with continuous stirring in a dry Nj atmosphere at RT. 
The reaction mixture was first stirred for an additional 
ca. 1 h then filtered to remove the unreacted salt impurity 
(only traces). The solid was dried in lacuo, washed several 
times with light petrol to leave a moisture sensitive 
amorphous solid which was recrystallised from CH^CI,-
n-hexane [M.ps. (la) 190°C, (lb) 200°C; (2a) 180'C. 
r2fej210°C]. 
120 Z A Siddiqi et al 
Reunions of N-tnmelhylsilyhnndazole or N-tnmethvl-
silyl 2-methylimidazole wnh[Ni(PhyP)2Cl2] to give 
hisfimida2ohto)mckel(U) (la) or his(2 ineth\\-
imiii(i:oliiio)nukel(II) (Ih) 
The diluted reagent (4 0mmol) in THF (40cm') was 
dropped lo the >,oUilion of the precursor (2 0minol) in 
THh (lOOcm^) with stirring The reaction mixture was 
vacuum dried as above giving a hght green oily mass 
which was washed repeatedly with light petrol changing 
to pea-green amorphous solid The crude was recry-
stallised as above [M ps same as of f / u j or H h ) ] The 
petrol washing on evaporation under vacuum left a 
colourless microcrystalline mass (a/ l O g n i i e 2 0 m m o l 
equivalent) which has been identified as PhjP from m p 
1 r and microanalyses 
Remtions of N-tnmeth]hihlimido:ole or N-trimethyl-
sil\l-2-meth\hnudazole \\ilh[C ii(Ph^Hj^Cl] lo que 
imidazotato his(tnphen\t phosphme) copper(I) (la) or 
2-meth\limidazolalo his(lnphen\l phosphme}copper(I) 
(Ih) 
Reactions have been performed separdtel> by taking 
equimolar (I 9mmol) solutions of the precursors and the 
reagents in T H F as above A curdy white precipitate is 
immediately formed which during stirring slowly dis-
solved in the mother liquor It was dried under reduced 
pressure washed as above and vacuum dried 1 he crude 
was recrystallised from CH^Clj-H-hexane giving colour-
less microcrystalhne solid [M ps (3a) 185° C, (3h) 
I95' 'C] Here too washings have yielded liberated 
PhjP (ta 1 9mmol equivalent) 
Chloro(imidazolato)hi'i(lriphiii\l phosphme)copptr(II) 
(4a) (.ldoro( 2-meth)hmidazolalo )his( Iriphnwl phos-
phme )coppir( 11) (4h) 
To a suspension of CuClj (2 5 mmol) in T H F (80cm^), 
solutions of P h , P (5 0 mmol) and the reagent 
tnmethylsilyl-imidazolc or -2-mcthylimidazole (5 0 
mmoll both in T H F (50cm-') taken in separate 
dropping funnels, were simultaneously dropped at a slow 
rate with continuous stirring at RT The reaction mixture 
was stirred for an additional (<i 2h after the whole of the 
reactants have been added filtered to remove the unreac-
ted CuCl, The mother liquor was vacuum dried and 
washed with ether, the crude was recrystallised from 
CH,Cl r " -hexane [M ps (4i,)2\5 C (4b) 185°C] 
The elemental analyses were obtained by micro 
analytical laboratory of the Indian Institute of Tech-
nology Kanpur Metals and chlorides were estimated by 
EDTA'^"' titration and gravimetncally'^" respectively 
I r spectra (4000-200cm ') were recorded as KBr discs 
on a Perkin-Elmer 621 spectrophotometer Reflectance 
spectra of solid samples in MgO were recorded on Carl-
Zeiss 'v'SU 2P spectrophotometer and electronic spectra 
CH2CI2 solutions were recorded on Pye Unicam 8800 
spectrophotometer at room temperature Magnetic sus-
ceptibility measurements were carried out using Faraday 
balance at 25° C Molecular weights of the compounds 
Transition Met Chan 11,117 120(1988) 
were determined using camphor as solvent bj Rasl 
m e t h o d ' " ' 
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Synthesis off Bis(imidazolato)dialkyltin(iv) and Covalent U^'xHi^'l^Z'"'" 
Tin(ii) Imidazolate Derivativesf 
Zafar A h m a d S idd iq i , * Shahia Nusra t Q i d w a i . and M o h a m m a d Shaki r 
Division of Inorganic Chemistry Chemistry Department Atigarh Muslim University Aligarh 
202002 India 
The preparations of bis(imida2olato)dialkyltin(iv| RjSnIZ; (1 {R = Me) and 2 (R = Bu") l2 = imidazolate] and 
bis(in-iidazolato)dichloroditin|ii) [SnCllz], (31 are described reaction of 1 or 2 with an excess of PhjP m refluxing CHjClj 
affords the adduct [Sniz, PhjP] (4| which undergoes an oxidative addition reaction wi th 1 mol equiv of iodine to produce 
ISnIjIZj) wi th complete liberation of free PhjP 
h IS well known that condi-nsji ion ol imicJ izolc with 
r i . in( i l in( iv) ( i \ idc R SnO produces R SnI / is the m ijor 
produet I he corresponding R SnI / dcnv itivcs could not 
however he isolated u i i l i / i n^ the eondens i l ion reaelion 
R Sn\i l iei i i j , \m i n ibly obi lined One ot ihe Uiremost rea 
sons could be the deeomposilion of the exliemelv moisture 
sejisilne R SnI / w ih w j l t r released is a b) procliiel m Ihe 
Londensaluin step l o a hydrolylieally st ible R Sn l / We have 
reeenllv observed thai \ Iriniethvlsilylimid i/( le (Me Silz) 
s I potent re i^eiil tt I Is prep 11 itioii )1 inoiuimene 
n iisuire sensitive Ir insilion nielal m i i d i / o l i l es in y i m l 
Melds We heneelorth eoni ld t red il imporlanl lo exploit this 
l l ieieni re it.enl loi ihe preparation ol R Sn l / deriv itives 
lur thermore the iheniistry ol euv ileni lin(ii) deriv ilives 
Mlh Sn"—N bonds where N si iiids lor i line ir imido group 
h IS been eMensiveh investigated however incorporation ol 
I 7 deloe i l i /ed N leleroevele espeei ill) til mild i/ol lie ring 
(4 e donor) lo a lin(ii) centre is described for ihe first lime 
in this p iper 
Ihe reigeni Me S i l / re leleil elfieiciillv wi lh R SnCl il 
room leiiiperalure produeiin, R Sn l / I or 2 m <» M) 
vield The observed reaclivity of the reagent is ipparently 
dui lo Ihe l l l ini ty of the Me Si group for chlorine effecting 
ihe releise ol Me,SiCI simil ir lo ihal lound in lis reaelion 
with Iransilion met il chlorides and their complexes as 
ivpified hv Ihe rcuclion shown in Scheme I 
RjSnClj 2 M 8 3 S I — N ' ^ 2MojSCI + RjSn fC3, 
Scheme 1 
The compounds Acre soluble in ihe usual organic solvents 
and Wilh the exccpiion of 3 which IS a dinier all behaved as 
monomers in solution Their analytic il and spectral data are 
summarised in Tabic I The IR spectra of 1 and 2 contained 
bands characlcnsiic of an imidazol ile moicly m addition 10 
the fundamental bands arising from the organic substituents 
Imidazolate ring vibrations designated ft, R R, and /?j 
were recognizable m the I600-110(1 cm ' region these are 
reported to be metal independent and scarcely alter their 
positions from those observed in free imidazole The strong 
band at 51 'i cm ' w as assigned lo the v^^(Sn'^—N) stretching 
vibrat ion which is similar in position to thai reported'' for 
tetrakis(dicthylamido)l in(iv) The ' H N M R spectra of I and 
2 exhibited signals arising from ihc imidazolale protons 
including those ar i ' ing f rom organic substituents at appro-
priate positions The lone pair at the imine nitrogen of the 
imidazole moiety may co ordinate to Ihe tin atom However 
mlramolecular co ordination seems slcrically improbable 
and inlermolecular co ordination leading to an octahedral 
configuration for I ind 2 appears more favourable 
' 1 o receive any eorre .pondence 
1 his IS a Short Papt r as defined in ihe Insirucuons for Authors 
\J Lhtm RiHitnh (*) 1990 Issue I p i i | ihere is therefore no 
eorrespondmg maleri il in y (him Risiitnh (M} 
Reaction of the reagent with SnCl produced the dinier 
(SnCl l / ) (3) even though 111 excess of ihe reagent w is used 
lo ensure exhaustive reniov il ol both the chlorine atoms is 
Mc,SiCI A similar observation has ilso been reported lor 
Ihe reaction between SnCl ind Me SiLHu ( I = I' 01 \s) 
which yields [SnClLBu ] I he imida/olate ring vibralions 
appeared at ihe cxpcclcd posilions while 1 band o l medium 
intcnsily at 410 cm could be issigned lo the v(Sn" —N) 
slielching vibration which seems re isonable in view ol the 
repo l t ' thai the Cd—N bond liei|uenev in Cel|N(SiMe ) | 
ilso ippears in this r inge I lu posii ioii ol llie Sn '—N bii iul 
Irequcncy is lower ih in i h i i i l the Sn'^ —N bond like ih ii 
reported' for the corresponding Sn—O bonds 1 his ni iv Ix 
rationalized in lerms ol ihe subsi inlial pol iriiv whieh is 
expected for Ihe Sn"—N bond which is apparenilv l o i n 
patible with the observed medium intcnsiiv of ihis vibr i l io i i 
The v(M—CI) slrelehing vibi i l ion w is observed U ihe 
reported position (Table I) I he dimer 3 did nol show iiiv 
lendencj lo transform inio ihe mononieric adduel i i, 
(SnClIz Base] as w is indic Ued bv the fol lowing observ 1 
lions I realmcnl of 1 v ilh strong b ises such is pviidine 
pyridine N-oxide bipyridine ind even Buj NI gave onlv 
unchanged rcaclanls (identi l icd by physico cheniic il 
methods) In order lo probe Ihis behaviour ol 1 l i i r lhcr ihe 
well known |SnCI PyNO| adduel was chosen as a precursor 
lo rcut l with M t |S i l z which also afforded the product I w i i h 
the recovery of an equivalent amount of free I 'yNO 1 his is in 
contrast 10 the result reported for bis(diinothyUiniido)lin(ii) 
and l in(i i) diolate" dimers which have been shown to produee 
1 I adducis wi lh bases This unusual behaviour of 1 mav be 
rationalized in terms of the strong bridging cap ibiliiv 
provided by Jhe imine nitrogen of the imidazolale moieiv 
resulting in an iniaci dimer 
R,Snlz, 
1 R-Me 
2 R " B u " 
ISnCllzj, 
3 
[SnIz, PhjP) 
4 
(lz = imidazolate) 
Reaction of 1 or 2 wi ih an excess of Ph P at ihe reflux 
temperature of C H CI under an inert atmosphere 
proceeded with cleavage of ihc Sn—C bond lo form ihe 
adduct |Snlz P h , P | ( 4 ) i n ( U SO"/ yield The absence ol anv 
alkyl group in the product 4 was confirmed f rom Ihe speclral 
dala ( t Ihe ' H N M R spectrum did nol show any chanc 
terislic methyl or butyl resonances but rather sicnals char le 
leristic of an imidazolate and a co-ordinaled I li P while ihe 
IR spectrum showed no characlcnsiic alkyl bands The P 
N M R speelrum of 4 eonlaiiied 1 sh i rp singlcl al A 4 •< whieh 
IS in the range repor ted ' ' for Ph,P coord ina ted to metal 
ions The cleavage of a Sn—C bond in organolin(iv) denva 
tivcs IS not a very common feature however there are a few 
repor ts" thai reagents such as P X i (X = halogen) AsC I , and 
B iCI , show similar behaviour We were unable lo idcniifv ihe 
fate of the alkyl substilucnls during the course of ihe 
reaelion 
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Tablt Analytic.il and spectroscopic^ data of compounds 1 5 
Compound 
1 
2 
3 
4 
5 
Fojnd (calc) (%) 
C 
3 :9 
(3: 971 
'i<- 8 
I4E81) 
i e 2 
(le 28) 
6£9 
(5E 961 
14 3 
114 22) 
H 
42 
(4 28) 
65 
16 59) 
1 3 
(137) 
4 1 
13 11 
1 3 
(1 18) 
N 
197 
(19 80) 
152 
(16 26) 
126 
(12 66) 
108 
(10 83) 
11 8 
(1107) 
M 
41 9 
(41 95) 
32 2 
(32 33) 
53 6 
(63 64) 
22 9 
(23 04) 
24 06 
(23 44) 
Mol wt 
(csic ) 
290 
(282 91) 
352 
(367 08) 
466 
(442 53) 
625 
(515 15) 
600 
(506 60) 
i „ , . / cm 
Imidazolate ring vibration 
R 
1690s 
1600s 
1620m 
t696s 
1606', 
fi 
1490m 
1480m 
1480m 
1476m 
1486m 
f^. 
1410m 
1420s 
1420m 
1425m 
1430m 
f^. 
1320W 
1310m 
1320s 
1320s 
1330s 
M - N 
536s 
535s 
410m 
415m 
B30s 
M-CI/M—F 
-
290m 
316w 
(>„ (60 MHz)' 
imidazolate 
' protons 
7 31 (1 H) 7 60 (2 H) 
7 29(1 H) 7 48(2 H) 
7 32 (1 H) 7 55 (2 H) 
7 30(1 H) 7 46 (2H) 
7 25 (1 H) 7 55 (2 H) 
IR slrelch ng frequencies and proton resonances of Pfi P isnd Dip alltyl substituent on the tin atom are omitted In CDCI jnle-^s 
nd cated otherwise In pH(,]acetone 
In oriji.1 ID j s t i - r l i i n ih st{)ii.hi.iomi.lr\ ol the tormii l ior i 
111 i i iul 1(1 obi nil chcmic i l i.Mili.in.1. lor I I K o \ id iiicin si i i i. 
i l ih t tin j l o m in i h i molcLulc 4 v. is Mibji.i.li.cl Ui in ox i d j 
tr\L iddit ioi i tL m i o n using j n equivalent aniounl o l lod in i 
\ sii up t h inue 111 I I K coltHM (il tin. ICHIUIL W is observed ind 
ihe re lelion tnuture fin i l l \ dtlorded m or uige niieioervst il 
line product S along with free Ph,P ind reemered 4 Mic ro 
in iKsis venlied the stoieheiometr> of ^ as |Snl Iz | and i 
compir ison of the spcclral data u i l h Ihose of 4 confirmed 
the complete liberation o l Ph , l ' dunni ; the course of form i 
l ion of S The e observations indic ilc ih il 4 is a genuine 
tin(ii) compound and that the reiel ion ol 1 or 2 with an 
excess o l Ph P in relluxmg C H C I proceeds ihrough a redox 
step which may be initialed cither b) Ph, l ' or C H CI or 
both The reducing behaviour of Ph P low irds a lew met il 
ions IS however well rccogni/cd ' 
Exper imenta l 
Ml re ij,enls Acre ohl lined eoninierel ilK evcepl tor Me Sil/ 
uhieh \^  Is prep ired iiid puritied is reporied elseuhcrc solvents 
v^erc dried md ill nunipul ilions were e irried lul in a drv N 
iliiinsphcre 
IK speetri vveie recorded on a (\rkin I tnier fP( spcetrophi to 
meter as KHr discs 'H NMR spectra (McjSi is internal relercnie) 
n 1 \ in ill A Sill) spcetromcler ind P NMR spectra (HS 
II PO as evieriial reierence) on i Jeol CiX 400 spcetromcler 
Mnleeul ir welehls were delermined b\ the ervoscopie metheld 
}ii.iannon >j \ 2 ww/1 —Me Si l / (4 nmiol) in hex me (10 tnJ) 
u IS dr ipped inl( I solution of R Sn( I p niimil) in hexanc (40 ml) 
and the mixture stirred tor (a I h M room temperalure Ihe solid 
compound w IS tillered ofl washed with in excess of hexane 
\ leiiuni eined ind reer\sl illiseti In m CH CI hexine |ni |i s 
6h 70 C (i) t o C (2)1 Conipound 3 w j> prepjied ni Ihe same 
w i\ usin^ Me Sil/ and SnCl (mo! rain) 2 s 1) m TUP it was 
reervstalhsed tr nil CH CI hexine mp 220 C 
«i ji«>H _/1 rl iwr/i Ph P - l oso lu l i o i i o f Ph P(2smmol ) in 
C H C I (10 ml) was added I or 2 with stirnnt, in small porli i it 
room temper ilure The mixture w is healed under rellux for r^ y Sh 
under a slow stn am of nitrogen Ihe seilveni was removed under 
reduced pressure and the solid obtimed was washed with an excess 
ol hexane dried in \aciio and recryslallised Irom CH CI hexane 
m p 70 X 
RiMUonolA iwr/il lo i solulioiu I 4(1 mniol)iii ( 1 1 ( 1 ( ' i 
ml) w IS ideletl iodine (1 mini 1) wilh sliriilie 11 lo m uilipei mile 
under l dr> N llmosphere Mler d t 11 the re lelioii iiuvuile w is 
ev ipor lied under reduced piessuie md w sshed wull lies iiie ^iMli^ 
m orange solid m p I4VC 1 he liex iiie w ishines were elii >m il 
^r iphedon in SiO e liiillii elului wiihliesiiie piOMelinclh 1 i 
111 i p p i o x i i n l le l ) et]U|y llelU 1111011111(1 mm 1) 
We Ih ink the C S 1 R lor l in inei il support ind the ( 'i in 
m m Cheij i islrv Dep irtmcnt lor rese iieh I leililies 
Kdinet/ 2iit/<)iitih(i I'IS'I I'uihi I I'i (I4ISSI 
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Q LlstMtr Paris-
Coordination complexes of labile phosphorus(III) derivatives 
[RP(NCS)2] (R = CH3, CgHj) with first row transition metals 
Z \ Siddiqi * S \ Qidvvdi M Shakir 
Inorganic ( hemtiiry Divmon Chevnslry Department 
\Uqaih Muslim Unix fTsily Alzgaih 20M02 India 
(receutd Odober 23 1989 accepted Januarv 20 1990) 
RP(\CS)2 (R = CHi or CeHs) obtained from the reaction 
f RPCI «ith \gSNC in CHjCb IS unstable in lilt absence 
of the solvent but affords stable solid compounds with stoi 
chiometries [\1LCI]C1 (\I = Mn l a , l b Co 2a, 2b Ni 3a, 
3b Cu 4a, 4b) [ULCljCli (M = Fe 5a, 5b \ 6a, 6b) 
and [CuLCl] 7a, 7h when reacted with (m situ) metal chlo-
rides Phjsico chemical data presented here suggest that the 
t^(\CS)2 moietv retains its identitv in the compilf xes and 
chelates via donation at the phosphorous and sulphur atoms 
The probable geoiretrv of the complexes have been ascer 
Idintd from magnetic susceptibilit> and r( Reetance spectral 
stu l!e*> 
methyldiisothiocyanatophosphine / phenyldusothio-
cyanatophosphine / transition metal complexes / syii 
thesib and physicochemical studies 
Resume — Complexes de coordination de derives labiles 
du phosphore (III) RP(NCS)i (R = CHi C, H ) avee 
les metaux de transition de la premiere ligne RP(N( S) 
(R = Clh ou Cells) obtenus par reaction de RPCI2 au 
AgSCN dans le CH2 CI2 sonl mstabies en I absence de solvant 
mais donnent des composes solides stables de stxchtometnc 
[MLCIICI avec (M = Mn l a , l b Co 2a, 2b Ni 3a, 3b f u 
4a, 4 b ; [MLCljCh (M = Fe 5a, 5b V 6a, 6 b ; et jCuLdl 
7a, 7b quand lis reagissent avec les chlorures metalhqucs 
m situ Les donnees physico chimiques suqgerent que It 
groupe P(NCS)2 garde son identite dans les compleses ft 
les chelates a travers les atorna de soufjf tt de phosplmt 
La geometne la plus probable de ces complexes a ete obtenuf 
a partir des susceptibilites magnetiques et des spectres df 
reflexion 
methyldiisothiQcyanatophosphine / phenyldiisothiu 
cyanatophosphine / complexes des metaux de traiiisi 
tion / synthfese et etude physicochlnuque 
I n t r o d u c t i o n 
Coordination chemistry of organic isothioeyanateb have 
been thoroughly investigated (1) The> are versatile 
hgands and provide difTerent coordination sites to metal 
ions Less interest has been shown however, to the 
derivatives vihere the NCS group is bonded to a non 
metal atom other than carbon especially the group 
\ \ elements m the periodic table Organophosphorous 
isothiocjanates R]='(NCS)2 (R = CH3 CeHs or CeFs) 
are reported to foim (2) in non polar solvents from re 
action of the appropriate halophosphine with a thio-
cvanating agent However these compounds invaria 
bK decompose if isolation from solvent is at tempted 
This may explain the lack of interest in the study of 
their reactivity toA'ards metallic substrates It has re 
rentl} been reported (3) that stabihzation of an un 
stable phospha all<jne can be achieved by complex for 
mation with metal It is thus hkelj that the labde 
P(NCS)2 moiety possessing electron rich centres can 
be stabhzed through coordination to metals Here we 
describe investigations of the reactivity of the elusive 
phosphorus(III) derivative RP(NCS)i (R = CH3 or 
CuHs) towards transition metal ions and tlit isolation 
of stable complexes in which the P(NCS)2 moittv is 
stabili/fd via coordination through its P uid S aloiiis 
R e s u l t s a n d d i scus s ion 
RPCI2 apparently reacts with AgSCN in a metatht tic 
exchange 
R P C b + 2 A g S C N ^ R P ( \ C S ) 2 + 2 \ g C l 
as hai been ascertained from the IR spectrum of tlu 
reaction mixture The 520 era ' band of P CI streUh 
ing vibration disappears with the concomitant appear 
ance of new band at 1160 cm ' assignable to i/(P \ ) 
stretching vibration (4) and with the characteristic {1 
2) t'asyn. and 
fsyin NCS vibrations (table I) indicative 
of RP(NCS)2 No trace of unreacted RPCI2 was d( 
tected in the solution The position of the characteristic 
NCS vibrations are identical to those found for RNCS 
(1) suggesting the existence of similar t anonua l forms 
(vide infra) for NCS bonding with D predominating 
The IR spectrum does not show any band in the 1300 
1350 cm ' region characteristic of i / (P=N) stretching 
vibration (4) This reveals that the phosphorus lone pair 
194 / \ Siddi<|i ct al 
Table I Important IR frequencies (cm ') and their assignments for RP(NCS)2 and the 
Compounds Cllj/CoHj vibrations i^ asyn NCS t^ syn VCS t^{V \) 
(orn[)le\( s 
i/(\l S) i/(M I') I (\l ( I) 
CHjP( \CS) a 29f)0w 2g20u HqO» 2010s 960m 
12J-)S 800 ni 
C 6 H , P ( \ r S ) i b 1590m 1445vb 1130s 2020sb 970ra 
745s 715m 695vs 
[Mn{rH,P(\CS)2}C[iri la 295JW 2920w 1 i90« 20)0s 9Mm 
123JS 795m 920w 
[\In{C6H,P(i\CS)j}CI|Cl 16 1590m 1440vs 1120s 2020m 990m 
7')0rii 725s ()9()s 970w 
lCo{LlljP(NCb)j}CllCl 2a 2950w, 2910w U95w 20bOs 970m 
1240 810m 950w 
ICo{CfH5P(NrS)2}CllCI 26 1590m 1450s inOm 2070s 980m 
760m 720s b95s 965w 
lNi{CHiP(\CS)2}CllCl 3a 2950w 2900w n90w 2030s 970m, 
1230s 790m 950w 
l\i{C6H,P(NCS)2}CllCl 36 1590m 1440\s 1130s 2040sb 980m 
760rn 730vs ()9)\s 
(Cu{CH3P(NCS)2)CllCl 4a 2970v, 2930\v 1390v, 2070s 960m 
123os 800m 930H 
[Cu{C6H5P(\CS)2}CllCl 46 1595m 1430ss 1130s 2060m 965m 
740m 730vs 69ovs 945w 
[fe{CH3P(\CS)2}Cl]C!2 oa 2960^^ 291Qw U80w 2030m 980m 
1240s 790m 
(Fe{C6H5P(NCS)2}CllCl2 56 1630m 1420s 1130s 2040m 970m 
750m 725s 690s 
(\{CH3P(\CS)2}CllCl2 6a 2950tt 2900« 1 i90w 20!am 950m 
1240s 800s 
| \{rUl5P(\CS)2}CI]Cl2 66 1620m 1420m lHOs 2010m 960m 
750m 725m 690s 940w 
[Cu{CH3P(\CS)2}CI] 7a 2960vv 2910w 1 iOO 2070m 960mb 
1250s 810m 
(Cu{C6H5P(^CS)2}Cll 76 1590m 1440\s IHos 2080s 980m 
750m 730vs 695vs 
115 )ni 
1160m 
11 'lOm 
l l l ' i m 
U40m 
1150ni 
1140s 
IT iOm 
1160m 
USflm 
1140m 
1145m 
1140m 
II 50m 
115om 
1150m 
290m 
275rii 
280rn 
280m 
280m 
27')ni 
295m 
27)« 
290m 
270« 
280m 
290m 
280m 
290m 
290m 
270tt 
290m 
265H 
J7)w 
Mi5in 
J90« 
TiOm 
350sh 
i )Osli 
3ljv. 
330sh 
!20sh 
325sh 
i50« 
lOOsh 
330sli 
325sh 
lOlllli 
iOOin 
29')iTi 
lODln 
320m 
iiOni 
«K)m 
ilOm 
illOm 
310m 
iOOm 
)OHU 
iflOm 
ilOm 
\s = \er\ strong s = strong m = medium w = weak 
(iocs not interact with the \ C S bonding and th( posi 
t u t charge on nitrogen reinains localised as in B 
RPs 
. \ = C = S 
"N=C=.S 
4 
RPs 
+ 6 
=C S 
B 
Removal of soKent has resulted m a dark reddish brov. n 
oil whose erratic analjtical data do not agree with 
the expected stoichiometrj of the product RP(NCS)2 
The IR spectrum of the oil shows strong additional 
bands at 1270 and 760 cm"' attributable to f (P=0) 
and f(P=S) stretching vibration (2) respectivelj This 
indicates that RP(NCS)2 is unstable in the absence 
of the solvent and decomposes into the correspond 
ing phosphorjl and/or thiophosphoryl species We have 
been unable to determine the exact nature of the de 
composition products This behaviour of RP(NCS)2 is 
m contrast to that of the corresponding (R0)P(NCS)2 
which IS known to be fatrly stable under normal condi 
tions (5) This may reasonably be accounted for an ad 
ditional pTT-djr overlap between the filled non-bonding 
p7r orbital of oxygen and the empty low lying Air orbital 
of phosphorus This additional (P-0R)7r bond over-
lap in phosphorus (V) derivatives is known to influence 
their reactivity (6) towards nucleophilf s The dbs( nc i of 
similar IT overlap in RP(^CS)2 maj have a labiluing 
effect However, the unstable RP(^CS).) has shown 
reactivity towards transition metal ions giving stabk 
solid compounds 
The stoichiometry of the compounds vcrih(d from 
analyticcd results are shown in table II Th( s( ar( 
monomeric, behaving as 1 1 clectrolvtes except for 7d, 
7b (non electrolytes) and 5a, 5b 6a, 6b (12 ekt 
trolyte) in DMSO (7) The important bands ohsirvui 
in the IR spectra of the compounds are in tabk I The 
positions of the characteristics NCS frequencies do not 
differ significantly after complexation from that in free 
ligang, hence indicating that structure B predominates 
in the complexes also and that the sulphur rather than 
the nitrogen atom of the NCS group coordinates The 
lone pair at nitrogen is partiallj used in bonding within 
the NCS group The M S bond in the complexes is 
probably further stabili?ed (8) bj additional back do-
nation from the metal ion to sulphur The character 
istic i^ (M S), i/(M-P) and i/(\! CI) bond freeiueneies 
were observed at the appropriate positions (9, 10) m 
the far IR region As the lone pair at phosphorus is 
free and does not interact with the NCS bonding (vide 
supra), owing to its directional nature (sp' hybrid) co-
ordination through phosphorous would not aff'ect the 
characteristic P-N bond frequencv It can therefore be 
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Table 11. Physical data of the 
('orii[)lexes 
(\lii{CH3P(NCS)3}CI)CI 
[Mn{CBH6P(.\CS)2}CllCI 
iCu(CH,,P(NCS)v}Cl]CI 
[Co{(:6ll5P(.\CH)2}CI)CI 
[Ni{rn:,p{Nrs)2}ci)ci 
(.\i{C6H5P(XCS)2}ClJCl 
|Cu|cn3P(NCS)j}ciici 
[Cu{C6H5P(XCS)2}CI]CI 
[Fe{CH3P(NCS)2}Cl]Cb 
[Fe{C6H5P(NX'S)j}CllCI, 
[V{C}l3P(NCS)2}ClJCl2 
i\{C6H5P(N'CS)2}Cl]Cl2 
lCu{CH3P(NCS)2}Cl] 
lCu{C6H5P(\CS)2}Cl| 
la 
16 
2a 
•lb 
:io 
36 
4a 
•16 
5a 
56 
6a 
66 
7a 
76 
RP(NCS)2 complexes. 
nipt 
CC) 
150 
175 
260 
310 
235 
280 
147 
•280 
140 
165 
160 
195 
202 
230 
Colour 
light 
vellow 
-do-
greenish 
yellow 
'do-
yellow 
-do-
chocolate 
-do-
orange 
do 
greenish 
vellow 
"do 
o(f-white 
-do-
C 
12.62 
(12.51) 
27.44 
(27.44) 
12.41 
(12.34) 
27.13 
(27.11) 
12.27 
(12.35) 
21.16 
(21.14) 
12.18 
(12.14) 
27.05 
(27.00) 
11.07 
(11.10) 
24.80 
(24.85) 
11.31 
(11.28) 
25.15 
(25.17) 
13.81 
(13.79) 
29.74 
(29.72) 
Poun 
II 
1.02 
(1.04) 
1.40 
(1.40) 
1.06 
(1.03) 
1.43 
(1.40) 
1.02 
(1.03) 
1.40 
(1.42) 
1.06 
(1.01) 
1.42 
'(1.40) 
0.91 
(0.93) 
1.34 
(1.30) 
1,02 
(0.94) 
1.30 
(1.32) 
1.16 
(1.15) 
1.49 
(1.50) 
id (Calculated)% 
N 
9.52 
(9.73) 
8.3 
(8.0) 
9.35 
(9.60) 
7.6 
(7.6) 
9.58 
(9.60) 
7.90 
(7.90) 
9.42 
(9.44) 
7.84 
(7.82) 
8.58 
(8.64) 
7.0 
(7.20) 
8.81 
(8.77) 
7.35 
(7.35) 
10.72 
(10.73) 
8.40 
(8.60) 
CI 
23.98 
(24.63) 
20.84 
(20.27) 
24.95 
(24.30) 
20.2 
(20.0) 
24.15 
(24.32) 
20.12 
(20.00) 
23.75 
(23.92) 
19.76 
(19.78) 
32.78 
(32.81) 
27.50 
(27.54) 
33.81 
(33.31) 
27.93 
(27.90) 
13.67 
(13.58) 
11.21 
(10.98) 
.\1 
19.91 
(19.09) 
16.20 
(15.68) 
20.85 
(20.20) 
16.4 
(16.6) 
20.36 
(20.13) 
16.18 
(16.00) 
21.52 
(21.43) 
17.92 
(17.7) 
17.12 
(17.23) 
14.40 
(14.44) 
16.22 
(15,95) 
13.51 
(13.34) 
24.95 
(24.35) 
20.05 
(19.65) 
•\\l(()lini' 'cnr-.\lol ') 
67 
71 
56 
54 
60 
67 
53 
55 
118 
121 
116 
115 
20 
15 
emphasized that, like the unstable phospha-aJltyne (3) 
the labile RP(NCS)2 too is stabilized via complex for-
mation with metal and -P(NCS)2 moiety is retained in 
the complexes. 
The '"PMNR spectra of the complexes recorded 
in d^DMSO showed a single resonance between +18 
to +45 ppm region (H3PO4 external reference). The 
signal lies considerably, up-field compared to that (2) in 
the uncoraplexed moiety, but is in the range reported 
for transition metal phosphine complexes (11). Thus 
chelation to met;d is accompanied by.a large increase 
in phosphorous shielding, probably due to additional 
overlap between the empty P(3d7r) and metal (3dj-) 
orbitals effecting the delocalization of metal electrons. 
The observed broadening (excepting 3 and 7) of the 
signal is due to the presence of paramagnetic species in 
solution. 
The reflectance spectra of l a , l b and 5a, 5b were 
nearly identical in nature containing weak bands in the 
visible (ligand field) region. The weak intensity of the 
bands is due to the forbidden nature of the originating 
transitions (12); assignments of the observed transi-
tions arising from the "S ground state to the quar-
tet excited states derived from the *G and ^D levels 
are indicated in table III. The e^iT value of la , l b is 
consistent with the dJ" configuration (13) of the metal 
ion. However, for 5a, 5b the /leir value is lower than 
the expected spin only value, which may reasonably be 
due to antiferromagnetic behaviour, occurring in some 
of the iron complexes (18). The /ipu value of 28, 2b 
(table III) indicates a high spin (f configuration of the 
cobalt ion" in the complex. The position of the bands 
observed in the reflectance spectrum are characteristic 
of a tetrahedral environment around the ion. The re-
flectance spectrum of 3a, 3b is characteristic of square-
planar nickel(II) (12) which is further confirmed from 
the observed diamagnetic nature of the complex. A sin-
gle broad band observed in the ligand field region of 4a, 
4b can be assigned to the d-d transition characteristic 
of pseudo tetrahedral environment around copper(n) 
ion. For regular tetrahedral copper(II) complexes the 
region 10,000-20,000 cm"' is reported (12) to be blank. 
The absence of a band in the 14000-16000 c n r ' re-
gion, however, rules out any possibility of square-planar 
geometry (12) for the complex. The /Xpfr value is consis-
tent with the (P configuration of the copper ion. These 
observations indicate that 4a, 4b is a genuine cop-
per(II) complex which seems to constitute unusual be-
haviour for RP(NCS)2, compared with that known for 
reactions (14) of Phs? or substituted halophosphines 
with Cu(II) salts, which invariably result in a redox pro-
cess with generation of copper(I) species. The magnetic 
moment and observed bands in the reflectance spectrum 
of 6a, 6b are indicative of a tetrahedral configuration 
(12, 13) of the complex. The expected diamagnetic na-
ture of 7a, 7b and absence of any ligand field bands 
are due to a </'" configuration of the metal ion. How-
ever, tetrahedral geometry may reasonably be proposed 
from the observed stoichiometry, non-eloctrolyte nature 
of the solutions and IR spectral information. 
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Table I I I . /i^ir (B.M.) 
C()mp)l('\os 
lMn{RP(NCS)2}CllCl 
|Co{RP(NCS)2}CI)Cl 
[Ni{IU'(NCS)..)CllCl 
lCu{RP(NCS)..}CI]Cl 
(Ke{RP(.NCS)2}CllClj 
|V{RP(NCS)2}CI]Cl2 
• li.M. = 0 . 9 2 7 x 1 0 - " 
iuicl 
la. 
2a, 
lia, 
4o, 
oa, 
6a. 
J.'l 
Ref 
16 
26 
36 
•16 
56 
66 
. - 1 
Z.\ Siddiqi ei al 
lectaiicc 
Pelf 
5.9 
4.;! 
(4.32) 
dianiag. 
-do-
1.81 
(1.83) 
4.83 
(4.55) 
4.2 
(4.22) 
c.t. = cli 
spectra (cm ) with prohabli 
Band positions 
44380, 38500, 32250 
(43480, 38460, 31350) 
27560 (27800) 
26110 (26300) 
24720 (24640) 
19890 (20200) 
43100, 31920, 30300 
(42500, 31760, 30300) 
16680 (16950) 
43500, 39260, 30920 
(43480, 39250, 31250) 
29300 (28500) 
23500 (23800) 
14280 (14500) 
43850, 38510, 32000 
(43480, 38720, 31750) 
18200 (19650) 
44250, 39350, 33640 
(43480, 40570, 33330) 
28270 (28020) 
27130 (27030) 
25640 (25640) 
22250 (22200) 
42310, 38510, 38435 
(41660, 37740, 38900) 
14480 (14500) 
11240 (11230) 
argo transfer bands, data for 
:' assignnicnls. 
Assignment 
c.t. 
^E{D)-—".4, 
' 7 2 ( D ) ^ 
'Ai, 'EiG)— 
'T2 ( G ) — 
c.t. 
' ' / • . ( P ) — V i a 
c.t. 
Bltj • . t l y 
•> .1 . , , 
c.t. 
c.t. 
'E(n)— " . i , 
'TAD] — 
\ 4 , , E ( G ) — 
'T2 ( G ) — 
c.t. 
^r, — ^42 
'T2^ 
complexes with 
R = Cells in parentheses. 
Experimental 
Metal salts were recrystallized and dehydrated before 
use while CHaPCli and CeHsPCl-i (.•Mdrich) were used 
SiS received; solvents were dried before use. 
Preparation of CHiP(NCS)2 and CsH^PfNCS)^ 
An excess of AgSCN (10 gm, 6 mmol) was stirred 
with RPCI2 (R = CH3 or CeHs) (2 mraol) in 20 ml, 
CH2C12 for ca 2 h at room temperature under dry N; 
atmosphere. The excess of .AgSCN and AgCl byproduct 
were removed by filtra.ion under N^ leaving a light 
yellow solution. Removal of solvent in vacuo left a 
dark red oil which contained decomposed products (see 
Results and Discussion), 
Preparation 0/ complexes of RPfNCS)^ 
A freshly prepared solution of RP(NCS)2 (2 mmol) in 
CH2CI2 was quickly filtered directly into a vigorously 
stirred suspension of metal salt in the same solvent at 
RT under dry Nj atmosphere. A sharp colour change 
occurred and the reaction mixture was stirred for co 
3 h. It was filtered to remove the unreacted metal salt 
impurities and the filtrate was mixed with hexane and 
kept for a few days at 5°C to yield microcrystalline 
sohds. 
Physical measurements and analyses of the cumpuunds 
Electrical conductivities of a ImM solution in DMSO 
were measured on a Systronics conductivity bridge tlier-
mostated at 25 ± 0.1°C, magnetic susceptibility mea-
surements were made on a Faraday Balance calibrated 
with Hg(Co(NCS)4] at 20°C. Reflectance spectra were 
recorded on Carl-Zeiss VSU 2P using MgO diluent and 
IR spectra as KBr discs on Perkin Elmer 621 spec-
trophotometer. " P NMR spectra were recorded on .Jeol 
lOOX spectrometer using 85% H3PO4 as external refe-
rence at 20°C. Microanalytical data for' C, H, N and 
CI were directly obtained from Micro-analytical Labo-
ratory of Science College Calcutta, while mclals were 
estimated by reported (15) method. 
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